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NOVEL NUCLEIC ACID PROBES^ METHOD FQR DETERMINING 
CONCENTRATIONS OF NUCLEIC ACID BY USING THE PROBES, 
AND METHOD FOR ANALYZING DATA OBTAINED BY THE METHOD 



5 BACKGROUND OF THE INVEMTION 

a) Field of the Invention 
Q This invention relates to novel nucleic acid probes each 

rn of which is labeled with a fluorescent dye and/or a quencher 

substance • Specifically, a single-stranded oligonucleotide 

10 is labeled with the fluorescent dye and/or the quencher 
substance such that the intensity of fluorescence in a 

m hybridization reaction system increases or decreases when the 
y nucleic acid probe is hybridized with a target nucleic acid. 

11 This invention also relates to a method for determining a 
15 concentration of a nucleic acid by using the nucleic acid probe . 

The present invention is also concerned with deterraination kits ^ 
determination devices, and various measurement systems 
associated with such kits or devices. The present invention 
also pertains to a method for analyzing the kinds and amounts 

20 of various nucleic acids, a method for analyzing data obtained 
by such methods, and computer-readable recording media with 
procedures, which are required to have steps of the analysis 
method performed by a computer, recorded as a program, 
bl Description of the Related Art 

25 A variety of methods are conventionally known to 
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determine a concentration of a nucleic acid by using a nucleic 
acid probe ial^eled with a fluorescent dye. Th^se methoda 
include: 

(L) Dot blotting assay 
B After a target nucleic acid and a nucleic acid probe 

labeled vith a fluorescent dye are hybridized on a membrane, 
unreacted nucleic probe i^ washed off. The intensity of 
fluorescence only from fluorescent dye molecule., by which the 
nucleic acid probe hybridized with the target nucleic acid Ls 

10 labeled, is measured. 

(2) Method making use of an intercal.tor ; Glazeretal., Nature, 

359, 959, 1992 

A certain specific fluorescent dye called "intercalator" 

emits strong fluorescence upon its insertion into a double 

strand of a nucleic acid. This method measures an increase in 

fluorescence from the fluorescent dye. Examples of the 

fluorescent dye can include ethidium bromide [Jikken Igaku 

(Laboratory Medicine) , 15(7), 46-51, Yodosha (1997)] and SYBI. 

R Green I (LightCycler- System, April 5, 1999; pamphlet 

distributed by Roche Diagnostics, Mannheim, Germany) . 

(3) Method making use of ^RET (fluorescence energy transfer) : 

Mergny et al.. Nucleic Acid Res., 22, 920^928, 1994 

This method comprises hybridising two nucleic acid probes 

to a target nucleic acid. These two nucleic acid probes are 

labeled by different fluorescent dyes, respectively. The 
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fluorescent dye of one of the two probes can transfer energy 
to the fluorescent dye of the other probe such that the latter 
fluorescent dye is caused to emit fluorescence. These two 
probes are designed such that they hybridize with their 

5 fluorescent dyes being located opposite each other and apart 
from each other by 1 to 9 bases. When these two nucleic acid 
probes hybridize to the target nucleic acid, emission of 
fluorescence from the latter fluorescent dye takes place . The 
intensity of this fluorescence emission is proportional to the 

10 number of replications of the target nucleic acid. 

<4) Molecular beacon method: Tyagi et al . , Nature Biotech., 14, 
303-308, 199S 

A nucleic acid probe for use in this method is labeled 
at an end thereof with a reporter dye and at an opposite end 

15 thereof with a quencher dye. As both end portions of the probe 
are complementary with each other in their base sequences, the 
overall base sequence of the probe is designed to form a hairpin 
stem. Owing to this structure, emission from the reporter dye 
is suppressed by the quencher dye under Forster resonant energy 

20 in a state suspended in a liquid. When the probe hybridizes 
to a target nucleic acid, the hairpin stem structure is broken. 
This leads to an increase in the distance between the reporter 
pigment and the quencher pigment, so that the transfer of 
Forster resonant energy no longer takes place . This allows the 

25 reporter dye to make emission. 
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(5) Davis's method: Davis et al . , Nucleic Acids Res,, 24, 
702-706, 1996 

This method uses DNA constructs containing one or two 
fluorescein molecules in flow cytometry. The fluorescein 
5 molecules were attached to the 3' end of a DNA proJbe through an 
IB-atom spacer arm that resulted in a 10-fold increase in 
:U fluorescence intensity compared to the DNA probe to which 

0 fluorescein wa3 directly attached to the 3 ''end of the probe - 

n Applied to various determination methods for nucleic 

^JIO acids^ Fish methods ( fluorescent in situ hybridization assays) , 
!| PGR methods, LCR methods (iigase chain reactions) , SD methods 

U (strand displacement assays) , competitive hybridization and 

'I the like, significant developments have been made on these 

methods • 

15 (S) Substantial technical improvements have been made on 
methods for amplifying a target gene by PGR [Tanpakushitsu, 
Kakysanr Koso (Proteins, Nucleic Acids, Enzymes), 35(17), 
KYORITSU SHUPPAN CO., LTD. (1990)] and conducting a 
polymorphous analysis on the target gene so amplified, and these 

20 polymorphous analysis methods have now found wide-spread 

utility in various fields such as medical field [Jikken Igaku 
(Laboratory Medicine) , 15(7), Yodosha (1997)]. Various 
diseases, especially immune-related diseases have hence been 
elucidated from genes, thereby obtaining certain successful 

25 outcomes. 
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Although these methods are now widely used, they include 
a disadvantageous step that, subsequent to hybridization 
reaction between a nucleic acid probe labeled with a fluorescent 
dye and a target nucleic acid, an unhybridized portion of the 

5 nucleic acid probe has to be washed out of the reaction system. 
Obviation of this step can apparently bring about shorter 
determination time, simplified determination, and accurate 
determination. There is, accordingly, a long-standing desire 
for the development of a nucleic acid determination method which 

10 does not include such a step. 

StJMMRRY OF THE INV ENT lOM 
With the foregoing in view, the present invention has as 
an object thereof the provision of a method for determining a 
15 concentration of a target nucleic acid by using a nucleic acid 
probe labeled with a fluorescent dye, which makes it possible 
to determine the concentration of the target nucleic acid in 
a shorter time, more easily and more accurately, and also the 
provision of nucleic acid prcbes useful for the practice of the 
20 method and various devices making use of the probes. 

The present invention also has as a second object thereof 
the provision of a novel polymorphous analysis method for easily 
and quickly performing determination of a polymorphous 
composition of a target gene and reagent kits useful in the 
25 method, a computer-readable recording medium with programmed 



procedures^ which are required to make a computer perform a 
method for a.nalyzing data obtained by the quantitative 
polymorphous analysis method, and an analysis system for the 
quantitative polymorphous analysis . 

To achieve the above-described objects^ the present 
inventors have proceeded with a variety of investigations and 
have obtained findings as will be described below. 

A detailed study was conducted on a variety of nucleic 
acid probeS/. and in a trial and error manner, many probes were 
prepared. As a result, it has been found that, even in the case 
of a nucleic acid probe composed of an oligonucleotide which 
does not form a stem-loop structure between nucleotide chains 
at positions where the oligonucleotide is labeled with a 
fluorescent dye and a quencher substance, respectively, 
labeling by the dye and substance at specific positions may 
allow the quencher substance to act on the emission of 
fluorescence from the fluorescent dye and may give quenching 
effect on the emission of fluorescence* 

The present inventors have proceeded with an 
investigation on methods for determining a concentration of a 
nucleic acid by using a nucleic acid probe. As a resultr it 
was found that emission of fluorescence from a fluorescent dye 
decreases {quenching phenomenon of fluorescence) when a nucleic 
acid probe labeled with the fluorescent dye hybridizes to a 
target nucleic acid. It was also found that this decrease is 



significant with certain specific dyes- It was also found that 
the extent of thi? decrease varies depending on bases in a probe 
portion, to which the fluorescent dye i3 conjugated, or on the 
sequence of the bases. 

5 ® Performance of a polymorphous analysis on a target gene 
after amplifying the target gent by a quantitative gene 

^==1 amplification method makes it possible to easily and quickly 

determine the pre-amplif ication amount and polymorphous 

m corcipcsition of the target gene with good quantitativeness . 

%|10 The present invention has been completed based on the 

o above-described findings, 

pij Therefore^ the present invention provides the following 

(novel) nucleic acid probes, methods/ kits and devices: 
1) A novel nucleic acid probe for determining a 
15 concentration of a target nucleic acid^ comprising: 

a single-stranded oligonucleotide capable of hybridizing 
to the target nucleic acid, and 

a fluorescent dye and a quencher substance, both of which 
are labeled on the oligonucleotide, 
20 wherein the oligonucleotide is labeled with the 

fluorescent dye and the quencher substance such that an 
intensity of fluorescence in a hybridization reaction system 
increases when the nucleic acid probe is hybridized with the 
target nucleic acid; and the oligonucleotide forms no stem- 
25 loop structure between bases at positions where the 
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oligonucleotide is labeled with the fluorescent dye and the 
quencher substance, reapactively - 

2) A nucleic acid probe for determining a concentration of 
a target nucleic acid, the probe being labeled with a 
fluorescent dye, wherein: 

the probe is labeled at an end portion thereof with the 
fluorescent dye, and 

the probe has a base sequence designed such that, when 
the probe hybridizes at the end portion thereof to the target 
nucleic acid, at least one G (guanine) base exists in a base 
sequence of the target nucleic acid at a position 1 to 3 bases 
apart from an end base of the target nucleic acid hybridized 
with the probe; 

whereby the fluorescent dye is reduced in fluorescence 
emission when the probe labeled with the fluorescent dye 
hybridizes to the target nucleic acid. 

3) A nucleic acid probe for determining a concentration of 
a target nucleic acid, the probe being labeled with a 
fluorescent dye, wherein: 

the probe is labeled at an end portion thereof with the 
fluorescent dye, and 

the probe has a base sequence designed such that, when 
the probe hybridizes to the target nucleic acid, plural base 
pairs in a probe-nucleic acid hybrid complex form at least one 
G (guanine) and C (cytosine) pair at the end portion; 



whereby the fluorescent dye is reduced in fluorescence 
emission when the probe labeled with the fluorescent dye 
hybridizes to the target nucleic acid. 
■ 4} A nucleic acid probe for determining a concentration of 
5 a target nucleic acid, the probe being labeled with a 
fluorescent dye, wherein: 

the probe is labeled at a modification portion other than 
a 5' end phosphate group or a 3' end OH group thereof with the 
Lfi fluorescent dye, and 

%|10 the probe has a base sequence designed such that, when 

i-j the probe hybridizes to the target nucleic acid, plural base 

pairs in a probe-nucleic acid hybrid complex form at least one 
n G (guanine) and C (cytosine) pair at the modification portion; 

whereby the fluorescent dye is reduced in fluorescence 
15 emission when the probe labeled with the fluorescent dye 
hybridizes to the target nucleic acid. 

5) A nucleic acid probe as described above under any one of 
1) to 4) for determining a concentration of a nucleic acid^ 
wherein the oligonucleotide of the nucleic acid probe for the 
20 measurement of the nucleic acid is a chemically-modified 
nucleic acid. 

S) A nucleic acid probe as described above under any one of 
1) to 5) for determining a concentration of a target nucleic 
acid, said nucleic acid probe being labeled with a fluorescent 
25 dye, wherein the oligonucleotide of the nucleic acid probe for 
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the determination of the nucleic acid is a chimeric 
oligonucleotide which comprises a ribonucleotide and a 
deoxyritoonucleotide . 

7) A method for determining a concentration of a target 
nucleic acid, which comprises: 

hybridizing a nucleic acid probe as described above under 
any on© of 1) to 6) to the target nucleic acid, and 

measuring an intensity of fluorescence in a measuring 
system* 

8) A method for determining a concentration of a target 
nucleic acid, which comprises: 

hybridizing a Ducleic acid probe as described above under 
any one of 1) to 6) to the target nucleic acid, and 

measuring a change in fluorescence emission from the 
fluorescent dye after the hybridization relative to 
fluorescence emission from the fluorescent dye before the 
hybridization. 

9) A method for determining a concentration of a target 
nucleic acid by using a nucleic acid probe as described above 
under any one of 1) to €), wherein the nucleic acid probe and 
the target nucleic acid are hybridized to each other after 
subjecting the target nucleic acid to heat treatment under 
conditions suited for sufficient degradation of a high-order 
structure of the target nucleic acid. 

10) A method as described above under 9) for measuring a 
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concentration of a target nucleic acid, wherein a helper probe 
for the practice of a hybridization reaction is added to a 
hybridization reaction system before the hybridization 
reaction . 

5 11) A method for analyzing or determining polymorphism and/or 
mutation of a target nucleic acid^ which comprises: 

hybridizing a nucleic acid probe as described above under 
any one of 1) to 6) to the target nucleic acid/ and 
\n measuring a change in an intensity of fluorescence* 

,10 12) A novel quantitativer polymorphous analysis method 
comprising: 

amplifying a target gene by a quantitative gene 
^ amplification method; and 

performing a polymorphous analysis with respect to the 
15 target gene to determine an amount of the target gene and a 
polymorphous composition or amounts of individual components 
of the target gene, 

13) A quantitative, polymorphous analysis method as 
described above under 12), wherein the polymorphous analysis 

20 is T-RELP {terminal restriction fragment length polymorphism) , 
RFLP (restriction fragment length polymorphism), SSCP (single 
strand conformation) or CFLP (cleavage fragment length 
polymorphism) . 

14) A quantitative, polymorphous analysis method as 

25 described above under 12) or 13) , wherein the quantitative gene 
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amplification method is quantitative PCR or real-time 
monitoring quantitative PCR. 

15) A kit for determining a concentration of a target nucleic 
acid, wherein the kit includes or is accompanied by a nucleic 
acid probe as described above under any one of 1) to 6) or a 
nucleic acid probe and a helper probe as described above under 
any one of 1) to 6] . 

15) A kit for analyzing or determining polymorphism and/or 
mutation of a target nucleic acid, comprising a nucleic acid 
probe as described above under any one of 1) to 6} or a nucleic 
acid probe and a helper probe as described above under any one 
of 1) to 6) . 

17) A reagent kit for use in quantitative PCR, wherein the 
kit includes or is accompanied by a nucleic acid probe as 
described above under any one of 1) to 6) or a nucleic acid probe 
and a helper probe as described above under any one of 1> to 
6) . 

18) A device for determining a concentration of at least one 
target nucleic acid out of plural nucleic acids, comprising: 

a solid support, and 

a like plural number of nucleic acid probes as described 
above under any one of 1) to 6) bound on a surface of the solid 
support such that the concentration of the target nucleic acid 
can be determined by hybridizing the target nucleic acid to the 
corresponding one of the probes and determining a change in an 
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intensity of fluorescence, 

19) A method for determining a concentration of a target 
nucleic acid, which comprises determining the concentration of 
the target nucleic acid or analyzing or determining 
6 polymorphism and/or mutation of the target nucleic acid by using 
a nucleic acid determination device as described above und^r 
18) , or a quantitative, polymorphous analysis method of a target 

'S3 nucleic acid, which comprises performing a quantitative, 

polymorphous analysis of the target nucleic acid by using a 

Ho nucleic acid determination device ag described above under 18) . 

□ 20) A nucleic acid determination method, a method for 

rU analyzing or determining polymorphism and/or mutation of a 

□ target nucleic acid, or a quantitative^ polymorphous analysis 
method as described above under any one of 7) to 14), wherein 

15 the target nucleic acid is a nucleic acid contained in cells 
derived from a microorganism or animal obtained by single colony 
isolation or a nucleic acid contained in a homogenats of the 
cells - 

21) A method for determining a concentration of a target 
20 nucleic acid by using PGR;, which comprises: 

conducting reactions in PGR by using a nucleic acid probe 
as described above under any one of 1) to 6) , and 

determining an initial concentration of the amplified 
target nucleic acid from percentage of a change in an intensity 
25 of fluorescence occurred as a result of hybridization between 
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the probe and the ajnpllfied target nucleic acid. 

22) A method for determining a concentration of a target 

nucleic acid by using PGR, which comprises: 

conducting reactions in PGR by using as a primer a nucleic 
5 acid probe as described above under any one of 1) to 6) , and 
determining an initial concentration of the amplified 
^.lI target nucleic acid from percentage of a change in an intensity 

.l| of fluorescence occurred as a result of hybridization between 

ijl the primer or an amplified nucleic acid amplified from the 

%itO primer and the amplified target nucleic acid. 
O 23) A method for determining an initial concentration of a 

riJ target nucleic acid amplified in PCR^ which comprises: 

i::) conducting reactions in PGR by using a nucleic acid probe 

as described above under any one of 1) to 6); 
15 measuring an intensity of fluorescence in a reaction 

system in which in a course of a nucleic acid extending reaction, 
the probe has been degraded out by polymerase or in which a 
nucleic acid denaturing reaction is proceeding or has been 
completed and also an intensity of fluorescence in the reaction 
20 system in which the target nucleic acid or amplified target 
nucleic acid is hybridized with the nucleic acid probe? and then 

calculating percentage of a change in the latter 
intensity of fluorescence from the former intensity of 
fluorescence . 

25 24) A method for determining an initial concentration of a 
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nucleic acid amplified in PGR, which comprises; 

conducting reactions in WCR by using, as a primer, a 
nucleic acid probe as described above under any one of 1) to 
6) ; 

measuring an intensity of fluorescence in a reaction 
ayst^rti in which the probe and the target nucleic ^cid or 
amplified nucleic acid have not hybridized with each other and 
also an intensity of fluorescence in the reaction system in 
which the probe and the target nucleic acid or amplified nucleic 
acid are hybridised with each other; and then 

calculating percentage of a decrease of the former 
intensity of fluorescence from the latter intensity of 
fluorescence . 

25) A method as described above vnder 23) or 24) for 
determining a concentration of a nucleic acid amplified in PCRr 
wherein the PCR is real-time quantitative PGR. 

26) A method for analyzing data obtained by a nucleic acid 
determination method as described above under any one of 23) 
to 25) r further comprising correcting an intensity value of 
fluorescence in a reaction system^ said intensity value being 
available after the target nucleic acid has hybridized to the 
nucleic acid probe labeled with the fluorescent dye, in 
accordance with an intensity value of fluorescence in the 
reaction system available after a probe-nucleic acid hybrid 
complex so formed has been denatured. 
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27) A method for analyzing data obtained by a real-time 
quantitative PGR method as described above under any one of 23) 
to 25) / further compriaing, as a correction processing step, 
correcting an intensity value of fluorescence in a reaction 
5 systeiUp said intensity being available in each cycle after the 
amplified nucleic acid has conjugated to the fluorescent dye 
ibi or after the amplified nucleic acid has hybridized to the 

nucleic acid probe labeled with the fluorescent dye, in 
-in accordance with an intensity value of fluorescence in the 

-^0 reaction system available after a nucleic acid-fluorescent dye 

□ conjugate or probe-nucleic acid hybrid complex so formed has 
ill been denatured in the cycle. 

□ 28) A method for analyzing a melting curve of a target nucleic 
acid, which comprises: 

15 performing PGR on the target nucleic acid by using a 

nucleic acid probe as described above under to any one of 1) 
to 6) ; and 

analyzing the melting curve of the target nucleic acid 
to determine a Tm value of each amplified nucleic acid. 
20 Numerous advantageous effects have been brought about by 

the present invention as will be set out below, 
1) First aspect of the invention (fluorescence emitting probe) 
As the probe according to the present invention has been 
obtained by simply binding the fluorescent dye and the quencher 
25 substance to the single-stranded deoxyribooligonucleotide 
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which does not form any stem loop^ the designing of the base 
sequence of a probe which hybridizes to a target nucleic acid 
i$ not complex and is easy. Further, the emission of 
fluorescence from the fluoirescent dye is suppressed by the 
quencher substance before the probe hybridizes to the target 
nucleic acid, so that the background of a measurement is 
extremely low. Accordingly, the measurement of the target 
nucleic acid is accurate. Moreover, the measurement is simple 
and can be conducted in a short time. 

2) Second aspect of the invention (fluorescence quenching 
probe) 

(1) The probe according to the present invention has been 
obtained by simply binding the specific fluorescent dye to the 
single-stranded deoxyribooligonucleotide . The probe is 
designed such that the intensity of fluorescence decreases when 
the reaction system changes from a non-hybridization system to 
a hybridization system. Therefore, the designing of the probe 
is not complex and is easy. As a consequence^ the measurement 
of a target nucleic acid is accurate and simple- 

<2) In particular^ the fluorescence quenching probe 
according to the present invention, which comprises the 
chemically-modified oligonucleotide or the like, or the 
fluorescence quenching probe according to the present invention, 
which comprises the chimeric oligonucleotide, has been 
developed for the determination of RNA having a complex 
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atructure, especially a nucleic acid such as tRNA. This 
Invention has made it possible to determine such a nucleic acid 
easily, simply and accurately, 

3) Third aspect of the present invention (the invention relating 
to use of the above-described fluorescence emitting probe 
and fluorescence quenching probe according to the present 
invention) 

(1) Use of fluorescence emitting probes or fluorescence 
quenching probes according to the present invention makes it 
possible to simply and easily produce a determination kit for 
determining a concentration of a target nucleic acid^ said kit 
including or being accompanied by such probes ^ or a nucleic acid 
chip or nucleic acid device such as a DNA chip with the probes 
bound thereon. 

{2) Since use of the method, determination kit, nucleic 
acid chip or nucleic acid device according to the present 
invention does not require an operation such as that needed to 
remove unreacted nucleic acid probe from a determination systerrir 
the concentration of a target nucleic acid can be determined 
in a short time and with ease. 

(3) When applied to a co-cultivation system of 
microorganisms or a symbiotic cultivation system of 
microorganisms, the viable count of a particular microorganism 
strain in the system can be specifically measured in a short 
time . 
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(4) Further, the present invention has also made it 
possible to simplify, with improved accuracy, determination of 
polymorphism^ such as SNP (single nucleotide polymorphism) / or 
mutation of a target nucleic acid* 
5 (5) Further, the quantitative PGR method making use of 

probes of the present invention haa the following advantageous 
=0 effects : 

a. As the quantitative PGR method does. not involve 
Jl addition of any factor which may act in an inhibitive 

10 manner on amplification of a target nucleic acid by 

;j Taq DNA polymerase, quantitative PCR can be conducted 

y under similar conditions as conventionally-known 

□ usual PCR having specificity. 

b- The specificity of PCR can be maintained high, so that 
15 amplification of primer dimer is retarded. Compared 

with conventionally-known quantitative PCR, the 
quantitation limit can be lowered on the order of 
about one digit- 
c. It is no longer required to provide a complex nucleic 
20 acid probe. It is, therefore, possible to save time 

and cost which would otherwise be required for such 
a complex nucleic acid probe, 
d- A target nucleic acid can be effectively amplified, 
so that the amplification step can be monitored in 
25 real time - 
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(6) The present invention has also provided the method for 
analyzing data obtained by real-time quantitative PGR which 
makes use of fluorescence emitting probes or f luoj;:escence 
quenching probes according to the present invention. 

(7) The data analysis method according to the present 
invention can be used to prepare a working line for the 
determination of the number of copies of a nucleic acid in a 
nucleic acid sample of unknown nucleic acid copy number. This 
working line has a correlation coefficient which is far higher 
than those available by conventional methods. Use of the data 
analysis method according to the present invention, therefore, 
makes it possible to accurately determine the number of copies 
of nucleic acid. 

(8) A working line the correlation efficient of which is high 
can be automatically prepared by the use of the data analysis 
software relating to the analysis method of data obtained by 
real-time quantitative PGR/ the computer-^readable recording 
medium with the procedures of the analysis method recorded as 
a program therein, or the determination or analysis system for 
the real-time quantitative PGR, The data analysis software, 
computer-readable recording medium, and the determination or 
analysis system all pertain to the present invention- 

(9) Further/ use of the novel method according to the present 
invention for the analysis of the melting curve of a nucleic 
acid makes it possible to determine the Tm value of the nucleic 
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acid with high accuracy. Moreover, use of the data analysis 
software for the method, the coiuputer-readabie recording medium 
with the procedures of the analysis method recorded as a program 
therein, or the determination, or analysis system for the 
5 real-time quantitative PCR makes it possible to obtain an 
Q accurate Tm value, 

1=0 (10) Quantitative, polymorphous analysis method 

ul Determination of the amount of a target gene or the 

ul polymorphous composition of the gene is performed wl'th respect 

AO to the nucleic acid after amplifying the nucleic acid by the 
rri novel quantitative PCR method of the present invention. The 

^,1 amplified nucleic acid is modified with the fluorescent dye. 

'Cl As the fluorescent dye can be analyzed as a marker in the 

polymorphous analysis, the polymorphous analysis can be 
15 conducted easily and quickly with good quantitativeness » 

BRIEF DESCRIPTION OF THE DRAWINGS 
FIG. 1 diagrammatically shows changes in the intensity 
of fluorescence in a solution system with a nucleic acid probe 
20 according to the present invention contained therein when a 
target nucleic acid was added, in which time [sec) is plotted 
along the abscissa and intensities of fluorescence are plotted 
along the ordinate; 

FIG- 2 shows a working curve for a target nucleic acid 
29 by a nucleic acid probe according to the present invention^ in 
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which concentrations of the target nucleic acid are plotted 
along the abscissa and intensities of fluorescence are plotted 
along the ordinate; 

FIG. 3 illustrates protoe designs and target nucleic acid 
5 designs for studying effects of the diatance (the number of 
bases) between a fluorescent dye (Texas Red) and a quencher 
substance (D^bcyl) on the emission of fluorescence from a 
=iO fluorescence emitting probe making use of interaction between 

in the fluorescent dye and the quencher substance; 

-10 FIG. 4 is a diagram illustrating effects of the distance 

Q (the number of bases) between the fluorescent dye (Texas Red) 

riJ and the quencher substance (Dabcyl) on the emission of 

C| fluorescence from the fluorescence emitting probe making use 

of interaction between the fluorescent dye and the quencher 
15 substance, in which: 

Open column: Fluorescence intensity after hybridization 
(absolute value of fluorescence intensity,, 
measuring wave length: 623.5 nm) ^ 
Closed column: Fluorescence intensity before 
20 hybridization (absolute value of 

fluorescence intensity, measuring wave 
length: 623,5 nm) , and 

# ■ Fluorescence intensity before 

hybridization/fluorescence intensity after 
25 hybridization; 
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FIG. 5 illustrates probe designs, in each of which bases 
in a deoxyribooligonucletide chain were modified with both 
fluorescent dye (Texas Red) and quencher substance (Dabcyl), 
respectively, and target nucleic acid designs; 

FIG. € is a diagram illustrating effects of the distance 
(the number of bases) between the fluorescent dye (Texas Red) 
and the quencher substance (Dabcyl) on the emission of 
fluorescence as observed using a probe in which bases in a 
deoxyribooligonucletide chain were modified with both of the 
fluorescent dye and the quencher substance, respectively; 

FIG. 7 is a diagram showing measurement data of 
fluorescence intensity when the sequence of bases in 16S rRWA 
of Escherichia colx, said bases ranging from the 335^"" base to 
the SSa'^*' base as counted from the 5' end, was determined using 
a nucleic acid probe obtained in Example 7; 

FIG. 8 diagrammatlcally illustrates effects of heat 
treatment of a target nucleic acid on hybridization of a 
35-nucleotides-chained 2--0-Me probe to the target nucleic acidp 
in which: 

Dashed curve: rRWA was added as a target nucleic acid 
subsequent to its heat treatment, and 

Solid curve: rRNA not subjected to heat treatment; 

FIG- 9 diagrammatically shows effects of the number of 
bases in a nucleotide chain of a probe, a helper probe and 
methylation of an OH group on the 2' carbon of ribose at the 5' end 
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of the probe on the hybridization between the probe and a target 
nucleic acid, 165 rRNA;. in. which: 
Ref: Reference 

In the references of the probes ArB, 35-base 
oligonucleotide was used as a target nucleic acid. 

In the references of the probes C,D, 17-base 
oligonucleotide was used as a target nucleic acid; 
FIG. 10 shows a working curve for rRNA assay by an 

invention method ? 

FIG. 11 diagrainmatically shows analysis results of the 
time-dependent rRNA amount of strains, KYM-7 and KYtyf-8, in 
co-cultivation by a FISH method according to the present 
invention; 

FIG. 12 is a schematic illustration of a DNA chip 
according to the present invention, in which MP-IOMH-PG 
microheaters were u3ed; 

FIG. 13 is a schematic illustration of equipment for an 
SNAPS detection or determination making use of the DNA chip 
according to the present invention; 

FIG. 14 is a diagram showing experimental results of the 
SNAPS detection or determination making use of the DNA chip 
according to the present invention; 

FIG. 15 diagrammatically illustrates a relationship 
between cycles and a decrease in fluorescence emission from a 
fluorescent dye in a quantitative PGR method making use of 
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primers 1 and 2 labeled with ^'BODIPY in which signs CD 

to ® have the following meanings: 

(D Number of copies of E. coll genome DNA: D; 

primer: primer 1 + primer 2. 
<D Number of copies of E. coll genome DNA; 2.4 x 10%- 

primer: same as above. 
<D Number of copies of E. coli genome DNA: 2.4 x lOS- 

primer: same as above. 
® Number of copies of E. coll genome DNA: 2.4 x 10*; 

primer: same aa above. 
(D Niimber of copies of E. coli genome DNA: 2.4 x 10^; 

primer: primer 1> 
d) Number of copies of E. coli genome DNA: 2.4 x 10^; 

primer: same as above. 
® Number of copies of E. coli genome DNA: 2.4 x 10^ 

primer: same as above. 
(D Number of copies of E. coli genome DNA: 2.4 x 10°; 

primer: same as above. 
FIG. 16 diagrammatically shows a relationship between 
cycles and the logarithm of a decrease in fluorescence emission 
from a fluorescent dye in the quantitative PGR making use of 
primers 1 and 2 labeled with "BODIPY FL/C6", in which eigns Q 
to d) have the same meanings as defined above in connection with 
FIG. 15; 

FIG. 17 is a diagram showing a working line for 16S rDNA 
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of Escherichia coli^ which was prepared using the quantitative 
PCR according to the present invention; 

FIG- 18 (upper diagram) depicts dec.reasos (%) in 
fluorescence intensity in real-time quantitative PCR according 
to the present invention in which a single probe of the present 
invention was used as opposed to two probes labeled with a 
fluorescent dye and required for a conventional real-time 
quantitative PCR method using FRET; 

EIGm 18 {lower diagram) shows a working line prepared by 
calculating numbers of cycles (threshold numbers: Ct values) 
at which decrQd.sB3 in fluorescence intensity were begun to be 
significantly observed; 

FIG. 19 depicts fluorescence decrease curves obtained by 
real-time qua-ntitative PCR, which used an invention primer 
labeled with ^^BODIPY FL/C6", without performing correction 
processing according to the present invention^ in which: 

■ Target nucleic acid: 10 copies; Temperature of the 
reaction system upon measurement of fluorescence 
intensity: 7 2^:. 
# Target nucleic acid: 100 copies; Temperature of the 
reaction system upon measurement of fluorescence 
intensity: 72^^. 
A Target nucleic acid: 1,000 copies; Temperature of the 
reaction system upon measurement of fluorescence 
intensity: 72t::, 
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♦ Target nucleic acid: 10,000 copies; Teinperature of 

the reaction system upon measurement of fluorescence 

intensity: 72'C. 
□ Target nucleic acid; 10 copies; Temperature of the 

reaction system upon measurement of fluorescence 

intensity; 95*tl. 
O Target nucleic acid: 100 copies; Temperature of the 

reaction system upon measurement of fluorescence 

intensity: 95°C. 
A Target nucleic acid: 1,000 copies; Temperature of the 

reaction system upon measurement of fluorescence 

intensity: 95*^* 
O Target nucleic acid; 10^000 copies; Temperature of 

the reaction system upon measurement of fluorescence 

intensity: BS'C. 
FIG. 20 shows fluorescence decrease curves obtained by 
the real-time quantitative PGR in FIG. 19 except that on each 
of the curves, each decrease {%) in fluorescence emission was 
corrected assuming that the corresponding value in the 10^^ cycle 
was 1, in which: 

■ Target nucleic acid: 10 copies; Temperature upon 

measurement of fluorescence intensity: 72*^. 
9 Target nucleic acid: 100 copies; Temperature upon 

measurement of fluorescence intensity; TZ^C. 
A Target nucleic acid: 1,000 copies; Temperature upon 
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measurement of fluorescence intensity: VZ^C. 

♦ Target nucleic acid: 10,000 copies; Temperature upon 
measurement of fluorescence intensity: 72^- 

FIG* 21 shows curves obtained by calculatingr with 
respect to the individual plotted values on the respective 
curves in FIG. 20, the rates of decreases (the rates of changes) 
in fluorescence intensity in accordance with the formula (9) 
and then plotting the thus-calculated values, in which; 
■ Target nucleic acid: 10 copies - 

♦ Target nucleic acid: 100 copies* 
▲ Target nucleic acid: 1,000 copies. 

♦ Target nucleic acid; 10,000 copies. 

FIG, 22 shows a working line for human genome DNA as 
obtained from the data in FIG. 21, in which: 

y: Number of copies of human jS -globin gene, 

x: cycles (Ct) r and 

R^: correlation coefficient. 

PIG, 23 depicts curves obtained by subjecting the 
measurement values in the individual cycles in FIG. 19 to 
correction processing in accordance with the formula (1) and 
then plotting the corrected values relative to their 
corresponding cycles, in which: 

■ Target nucleic acid: 10 copies. 

# Target nucleic acid: 100 copies. 

A Target nucleic acid: 1,000 copies. 
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♦ Target nucleic acid; 10^.000 copies , 

FIG. 24 illustrates curves obtained by plotting values, 
which had been obtained by processing the processed values of 
the individual cycles in FIG. 23 in accordance with the formula 
(3), against their corresponding cycles, in which 

■ Target nucleic acid: ID copies. 

♦ Target nucleic acid: 100 copies. 

▲ Target nucleic acid: 1,000 copies. 

♦ Target nucleic acid: 10,000 copies. 

FIG - 25 shows curves obtained by subjecting the corrected 
values in the individual cycles in FIG, 24 to correction 
processing in accordance with the formula (6) and then plotting 
the corrected values relative to their corresponding cycles, 

in which: 

■ Target nucleic acid: 10 copies • 

♦ Target nucleic acid: 100 copies. 

▲ Target nucleic acid: 1^000 copies* 

♦ Target nucleic acid: 10,000 copies. 

FIG. 26 shows working lines drawn corresponding to 0.1^ 
0-3^ 0.5, 0.7, 0.9 and 1.2 chosen at will as candidates for Ct 
values from the respective values of log (changes in 
fluorescence, %) in FIG. 24, in which the individual working 
lines have the following correlation coefficients: 

▲ logio (change in fluorescence, %) ^ 0.1; 
correlation coefficient: 0.998 
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■ log^fl (change in fluorescence, %) = 0.3; 

correlation coefficient: 0.999 
# logio (change in fluorescence, %) = 0*5; 

correlation coefficient: 0.9993 
A logio (change in fluorescence, %) = 0.7 

correlation coefficient; 0.9985 
n logio (change in fluorescence, %) ^0.9 

correlation coefficient: 0.9989 
O logio (change in fluorescence, %) = 1.2 

correlation coefficient: 0.9988 
FIG. 27 depicts fluorescence decrease curves when 
real-time quantitative PCR was conducted on human genome DNA 
of 1 copy and 10 copies by using an invention primer labeled 
with ^^BODIPY FIi/C5" and the correction processing of the formula 
(1) was applied, in which: 

1: target nucleic acid = 0 copy^ 

2: target nucleic acid = 1 copy, and 

3: target nucleic acid = 10 copies; 

FIG. 28 illustrates melting curves of nucleic acids when 
a melting curve analysis was conducted with respect to the PCR 
amplification products shown in FIG. 27, in which: 

1: target nucleic acid - Q copy, 

2: target nucleic acid = 1 copy, and 

3: target nucleic acid = 10 copies; 

FIG. 29 illustrates curves obtained by differentiating 
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the curves of FIG. 23 and showing Tin values as valleys, in which: 
2: target nucleic acid: 1 copy, and 
3: target nucleic acid: 10 copies; 

FIG. 30 shows amplification curves of 16S rRNA genes 
(cDMAs) obtained using quantitative PCT according to the 
present invention, in which: 

Solid curves: cDNA of Escherichia coli 

Dotted curve; Polymorphous cDNA 

lO^r 10% 10^ 10*, 10*: Numbers of copies; 

FIG. 31 illustrates a working line for cDlSlA, which was 
prepared by a data analysis method according to the present 
invention, in which: 

a: 288,000 copies; 

FIG- 32 illustrates an analysis pattern by polymorphous 
T-RELP according to the present invention, in which 
bp: Number of base pairs; 

FIG. 33 diagrammatically illustrates results of 
quantitative PGR making use of a fluorescence emitting probe 
asaprimer ( fluorescence emit ting primer ) (exponential graph) ; 

FIG- 34 shows a working line for 16S rRNA gene 
(fluorescence emitting primer: 0 , in which: 

A; Number of copies in an artificial co-cultivation 
system of mi.croorganism3 (about 296,000 copies); 
FIG. 35 (upper diagram) illustrates results of real- 
time monitoring on PGR amplification products obtained by 



3f2 

real-time quantitative PGR making use o£ a fluorescence 
emitting primer; 

FIG, 33 (lower diagram) shows a working line obtained by 
the real^-time monitoring; 
5 FIG. 36 di a grammatically shows results of an SNPs 

detection by a fluorescence emitting probe, in which: 

I : 100% matching target nucleic acid (denaturation 

I curve from a fluorescence emitting probe) , 

^ : Target nucleic acid containing single 

10 nucleotide polymorphism (denaturation curve from a 
fluorescence emitting probe) , 

1 : 100% matching target nucleic acid 

J (denaturation curve from a fluorescence quenching probe), 

— — — ; Target nucleic acid containing single 
15 nucleotide polymorphism (denaturation curve from a 
a fluorescence quenching probe) , 

A: Percent fluorescence emission - data of fluorescence 

emitting probe, 
B: Relative value of fluorescence - data of fluorescence 
20 quenching probe, 

a: About 4 6*C, and 
b: About 4 6t:; 

FIG. 37 diagrammatically illustrates results of an SNPs 
detection by a DNA chips with fluorescence emitting probes fixed 
25 thereon, in which; 
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FIG. 38 diagrammatically shows results of real-time 
monitoring of PGR reaction using a DNA array having fixed 
fluorescence emitting probes and fluorescence quenching probes/ 
in which: 

15 Closed square: WTAF-10600 (No. 1) 

I Open square; WIAF-10578 (No. 2) 

Closed circle: lAfIAF-10600 (No. 3) 
Open circle: WIAF-10578 (No. 4) 

Fn: Relative fluorescence rate at n cycle 

20 Rn: Fluorescent quenching rate at n cycle; 

and 

FIG. 39 depicts melting curves of PCR products using a 
DNA array having fixed fluorescence emitting probes and 
fluorescence quenching probes, in which; 
25 Closed square: WIAF-10600 (No. 1) 
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Open square: 



WIAF-1057g <Mo. 2) 



Closed circle: WIAF-10600 {No, 3) 



Open circle: 



WIAF-1057a (No- 4) 



/ 



Fn, Rn: 



Sarrve meanings as defined above in 



connection with FIG- 38. 



DETAILED DESCRIPTION QF THE INVENTION 
AND PREFERRED EMBODIMENTS 

The present invention will next be described in further 
detail based on certain preferred embodiments. 

The present invention has three a3pects. 

The present invention, in the first aspect thereof/ 
relates to a novel nucleic acid probe for determining a 
concentration of a target nucleic acid, comprising: 

a single-stranded oligonucleotide capable of hybridizing 
to the target nucleic acid, and 

a fluorescent dye and a quencher substance, both of which 
are labeled on the oligonucleotide, 

wherein the oligonucleotide is labeled with the 
fluorescent dye and the quencher substance such that an 
intensity of fluorescence in a hybridization reaction system 
increases when the nucleic acid probe is hybridized with the 
target nucleic acid; and the oligonucleotide forms no stem- 
loop structure between bases at positions where the 
oligonucleotide is labeled with the fluorescent dye and the 
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quencher substance, respectively. For the sake of brevity, the 
nucleic acid probe according to the present invention may 
therefore be called a '"fluorescence emitting probe'' or a 
^'nucleic acid probe according to the first aspect of the present 
6 invention" in the subsequent description. 

The present invention, in the second aspect thereof, 
relates to a nucleic acid probe labeled with a fluorescent dye, 
which is characterized in that, when the nucleic acid probe 
hybridizes to a target nucleic acid, emission of fluorescence 

10 from the fluorescent dye decreases after the hybridization. It 
is to be noted that the nucleic acid probe according to the 
present invention may also be called a ^'fluorescence quenching 
probe" or a ^'nucleic acid probe according to the second aspect 
of the present invention" for the sake of brevity. 

15 The present invention, in the third aspect thereof, 

I relates to a variety of use of the fluorescence emitting probe 
and fluorescence quenching probe. 

A description will now be made about technical terms 
employed in the present invention . 

20 The term ^^probe-nucleic acid hybrid complex'^ as used 

herein means one (complex) in which a nucleic acid probe 
according to the present invention, which is labeled with a 
fluorescent dye^ and a target nucleic acid are hybridized with 
each other. For the same of brevity, it will be called a 

25 ''nucleic acid hybrid complex" in a shortened form. 
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Further, the term ^'fluorescent dye-nucleic acid 
conjugate'' as used herein means a conjugate in which a 
fluorescent dye is bound with a target nucleic acid. 
Illustrative is a conjugate in which an intercalator is bound 
5 in a double-stranded nucleic acid. 

The terms as used herein - such as to hybridize, 
r?J hybridization, stem-loop structures ^ quenching/ quenohing 

|;!{ effects, DNAs, RNAs^ cDNAs^ mRNAs, rRNAs, XTPs, dXTPs, NTPs, 

lfl dNTPs, nucleic acid probes, helper nucleic acid probes (or 

^.jlO nucleic acid helper probes, or simply helper probes), to 

hybridize, hybridization, intercalators, primers, annealing, 
extending reactions, thermal denaturing reactions, nucleic 
acid melting curves, PGR, RT-PCR, RNA-primed PGR, stretch PGR, 
reverse PGR, PGR using Alu sequence (a) , multiple PCR, PGR using 
15 mixed primers, PGR using PNA, hybridization assays, FISH 

methods (fluorescent in situ hybridisation assays) , PCRmethods 
(polymerase chain assays) , LCRmethods ( ligase chain reactions) , 
SD methods (strand displacement assays) , competitive 
hybridization, DNA chips, nucleic acid detecting (gene- 
20 detecting) devices, SNP (single nucleotide polymorphism) , and 
co-cultivation systems of plural microorganisms - have the same 
meanings as the corresponding terms generally employed these 
days in molecular biology, genetic engineering, bioengineering 
and the like. 

26 The term ''^target gene" or '^target nucleic acid'' as used 
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herein means a gene ox a nucleic acid the quantitation or 
qualitative detection or mere detection of which is intended, 
irrespective whether it is in a purified form or not and further 
irrespective of its concentration. Various other nucleic 
5 acids may also exist together with the target nucleic acid- ^ov 
example, the target nucleic acid may be a specific nucleic acid 
lI in a co-cultivation system microorganisms (a mixed system of 

Q RNAs or gene DNAs of plural microorganisms) or a symbiotic 

n cultivation system of microorganisms (a mixed system of RNAs 

40 or gene DNAs of plural animals, plants and/or microorganisms)., 
^ the quantitation or qualitative detection or mere detection of 

y which is intended. Purification of the specific nucleic acid^ 

u if needed,- can be conducted by a method known per se in the art. 

For example^ purification can be effected using a purification 
15 kit or the like available on the market. Specific examples of 
the above-described nucleic acid can include DlSTAs, Kl^iAs, PNAs, 
oligodeoxyribonucleotides, and oligoriboxynucleotides . 
Other examples can include chimera nucleic acids of the 
above-exemplified nucleic acids. 
20 The expression ^^to determine a concentration of a target 

nucleic acid" as used herein means to quantitatively determine 
concentration (s) , to perform qualitative detection, to simply 
detect, or to perform an analysis for polymorphism and/or 
mutation, all with respect to one or more nucleic acids in a 
25 measurement system. In the case of plural nucleic acids. 
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quantitative detection of the plural nucleic acids at the same 
time, simple detection of the plural nucleic acids at the same 
time and an analysis for the polymorphism, mutation and/or the 
like of the plural nucleic acids at the same time obviously fall 
within the technical scope of the present invention. 

The term ^Mevice for the measurement of a concentration 
of a. target nucleic acid" as used herein mean various DMA chips. 
Specific examples of the device can obviously include a variety 
of DMA chips. The present invention include all DNA chips 
irrespective of their types insofar as the nucleic acid probe 
according to the present invention can be applied to them. 

The expression ^^method for determining a concentration 
of a target nucleic acid by using a nucleic acid probe labeled 
with a fluorescent dye (hereinafter simply called a ^'nucleic 
acid probe according to the present invention" or a "probe 
according to the present invention" means to determine the 
concentration of the target nucleic acid by a hybridization 
assay, FISH method (fluorescent in situ hybridization assay), 
PGR method (polymerase chain assay), LCR method (ligase chain 
reaction), SD method (strand displacement assay), competitive 
hybridization or the like. 

A description will first be made of the fluorescence 

emitting probes. 

This probe is characterized in that, when the probe is 
not hybridized with a target nucleic acid, emission of 
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fluorescence from the fluorescent dye is inhibited by the 
quencher 3ubstance but, when the probe is hybridized with the 
target nucleic acid^ the inhibition is rendered ineffective to 
result in an increase in the intensity of fluorescence. 

l^he term '''fluorescent dye" as used herein means 
fluorescent dyes of the like, which are generally used for the 
determination or detection of nucleic acids by labeling nucleic 
acid probes- Illustrat-ive of such fluorescent dyes are 
fluorescein and derivatives thereof [for example, fluorescein 
isothiocyanate (FITC) and its derivatives]; Alexa 4B8^ Alexa 
532, cy3, cy5, 6-joe^ EDANS; rhodamlne SG (R6G> axid its 
derivatives [for example, t^tramethylrhodamine (TMR) , 
tetramethylrhodamine isothiocyanate (TMRITC) , x-rhodamine, 
Texas red, "BODrPY FL" (trade name, product of Molecular Probes, 
Inc. (Eugene, Oregon, U.S.A.)/ "'BODIPY FL/C3'' (trade name, 
product of Molecular Probes, Inc.) r '^BODIPY FL/C6" (trade name, 
product of Molecular Probes^ Inc . } , '^BODIPY S-FAM'" (trade name, 
product of Molecular Probes, Inc J, ''DODIPY TMR" (trade name, 
product of Molecular Probes, Inc»}, and derivatives thereof 
(for example, "'BODIPY TR''' (trade name, product of Molecular 
Probes, Inc.), ^^BODIPY R6G" (trade name, product of Molecular 
Probes, Incr), ''BODIPY 564" (trade name, product of Molecular 
Probes, Inc.), and ""BODIPY 581'' (trade name, product of 
Molecular Probes, Inc.) ]. Among these, FITC, EDANS^ Texas red, 
6-joe, TMR, Alexa 488, Alexa 532, ^^BODIPY FL/C3'' and "BODIPY 
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FL/C6" are preferred, with EDANS, Texas red, FITC, TMR, 6-joe, 
^^BODIPY FL/C3''' and '"BODIPY FL/C6" being more preferred. 

The term "quencher substance" means a substance which 
acts on the above-described fluorescent dye and inhibits or 
quenches emission of fluorescence from the fluorescent dye. 
Illustrative are Dabcyl, ^^QSY7" (Molecular Probes), ^^QSY33" 
(Molecular Probes) ^ Ferrocene and its derivatives, methyl 
viologen, and N, N' -dimethyl-2 , 9-diazopyrenium, with Dabcyl 
and the like being preferred. 

By labeling an oligonucleotide at specific positions 
thereof with such fluorescent dye and quencher substance as 
described above, the emission of fluorescence from the 
fluorescent dye is subjected to quenching effect by the quencher 
Substance . 

The expression ^'single-stranded oligonucleotide, which 
forms a nucleic acid probe according to the present invention 
and forms no stem-loop structure between bases at positions 
where the oligonucleotide is labeled with the fluorescent dye 
and the quencher substance, respectively" means an 
oligonucleotide which - owing to the Gomplementation of base 
sequences at at least two positions between the bases at 
positions where the oligonucleotide is labeled with the 
fluorescent dye and the quencher substance, respectively - 
forms double strands in its own chain and forms no stem-loop 
structure . 
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To label an oligonucleotide useful in the practice of the 
present invention with a fluorescent dye and a quencher 
substance such that the intensity of fluorescence in a 
hybridization reaction system increases when the resulting 
5 nucleic acid probe according to the present invention is 

hybridized with a target nucleic acid, the labeling can be 
"pi conducted as will be described hereinafter. 

."^J The distance between the bases at the positions where the 

issh 

single-stranded oligonucleotide is labeled with the 
,10 fluorescent dye and the quencher substance, respectively^ is 
zero (0) in terms of the number of bases ,r that is^ the 
single-stranded oligonucleotide is labeled at the same position 
^ of the same nucleotide thereof with the fluorescent dye and the 

~' quencher substance. As an alternative, the distance is 1 to 

15 20 or { (a desired integer of from 3 to 8> + lOn} (n: an integer 
> 0) in terms of the number of bases. More preferably^ the 
single-stranded oligonucleotide can be labeled at the same 
position of the same nucleotide thereof or can be labeled with 
a distance of from 4 to 8 . It is desired to label an 

20 oligonucleotide with a fluorescent dye and a quencher substance, 
respectively, as described above- However, the distance 
between the bases depends strongly upon the base sequence of 
the probe, the fluorescent dye and quencher substance to be used 
for modification, the lengths of linkers adapted to bind them 

25 to the oligonucleotide, and the like. It is, therefore. 
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difficult to fully specify the base-to-base distance. It is 
to be noted that the above-described base-to-base distances are 
merely general examples and the distance between the bases 
includes many exceptions. 

Concerning the labeling positions, it is preferred that, 
when a single-stranded oligonucleotide is labeled at the 
position of the same nucleotide thereof, one of a fluorescent 
dye and a quencher substance is labeled to a base and the other 
is labeled to a portion other than, bases, specifically to a 
phosphate portion or to a ribose portion or deoxyribosa portion . 
in this case, labeling to the 3' end portion or 5' end portion 
Is preferred. 

When it is desired to set the distance between the bases 
labeled with the fluorescent dye and quencher substance, 
respectively, at 1 to 20 or { (a desired integer of from 3 to 
8) + lOn} (n: an integer > 0) , preferably at 4 to 8 or a number 
obtained by adding 10 to a desired number in this range, more 
preferably at 4 to 8 in terms- of the number of bases, the 
oligonucleotide may be labeled in its chain with both of the 
fluorescent dye and quencher substance or may be labeled at the 
5' end or 3' end thereof with one of the fluorescent dye and 
quencher substance and in the chain thereof with the other one. 
It is preferred to label the oligonucleotide at the 5' end or 
3' end thereof with the fluorescent dye or the quencher substance 
and at a base, which is apart by the above-described number of 
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bases fram the end, with the quencher substance or the 
fluorescent dye* When it is desired to label the 3' end or 3' end 
in this case, the labeling can be effected to a base, a phosphate 
portion, a riboae portion or a deoxyribose portion, preferably 
to the phosphate portion, the ribose portion or the deoxyriboae 
portion, more preferably to the phosphate portion. When it is 
desired to conduct the labeling into the chain, the labeling 
can be effected preferably to bases in the chain. 

When the bases are modified in each of the above-described 
cases, the modification can be effected to any bases insofar 
as the modification is feasible. It is, however, preferred to 
effect the modification to the OH group, amino group, 2-N, 7-N 
and/or 8-C of a purine base or to the OH group, amino group^ 
methyl group and/or 2-N of a pyrimidine base [ANALYTICAL 
BIOCHEMISTRY, 225, 32-38 (1998] ] . 

The nucleic acid probe according to the present invention, which 
is to be hybridized to the target nucleic acid, may be formed 
of either an oligodeoxyribonucleotide or an 

oligoribonucleotide . The nucleic acid probe may be a chim.eric 
oligonucleotide which contains both of therti. These 
oligonucleotides may be in chemically-modified foirms. Such 
chemically-iTLodif led oligonucleotides may be inserted in 
chimeric oligodeoxynucleotldes . 

Examples of the modified positions of the chemically- 
modified oligonucleotide can include an end hydroxyl group or 
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end phosphate group of an ^nd portion of an oligonucleotide^ 
the position of a phosphate portion of an internucleoside, tha 
5-carbon of a pyrimidine ring, and the position of a saccharide 
(ribose or deoxyribose) in a nucleoside. Preferred examples 
are the po3itions of ribose or deoxyribose. Specific examplea 
can include 2' -0-al3cyloligoribonucleotides (^^Z'^-O-"^^ will 
hereinafter be abbreviated as "2-0-'"'), 2-0-alkyleneoligo- 
ribonucleotides, and 2-0"ben2yloiigoribonucleot ides . The 
oligonucleotide is modified at the OH group <s) on the 
2' carbon (s) of one or more ribose molecules at desired positions 
thereof with alkyl group(s), alkylene group(s) or benzyl 
group (s) (via ether bond(s) ) . Preferred examples useful in the 
present invention can include, among 2-0-alkyloligo- 
ribonucleotides, 2'"0-met:hyloligoribonucleotide/ 2-0-ethyl- 
cligoribonucleotide and 2-0-butyloligoribonucleotide; among 
2-0-alkyleneoligcribonucleotides ^ 2^0-ethyleneoligo- 
ribonucleotide; and 2-0-benzyloligoribonucleotide . 
Particularly preferably, 2-0-methyloligoribonucleotide 
(hereinafter simply abbreviated s ^^2-0-Me-oligo- 
ribonucleotide'") can be used- Application of such chemical 
modification to an oligonucleotide enhances its affinity with 
a target nucleic acid so that the efficiency of hybridisation 
with a nucleic acid probe according to the present invention 
is improved. The improved efficiency of hybridization leads 
to a further improvement in the rate of a decrease in the 
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intensity of fluorescence from the fluorescent dye of the 
nucleic acid probe according to the present invention. As a 
consequence, the accuracy of determination of the concentration 
of the target nucleic acid is improved further. 
5 Incidentally, it is to be noted that the term 

"''oligonucleotide'''' as used herein means an cligodeoxy- 

■s=r 

ribonucleotide or an oligoribonucleotide or both of them and 
hence, is a generic term for them, 
ijl 2-0-alkyloligoribonucleotides f 2-0-al3cyleneoligo- 

%ilO ribonucleotides and 2-0-benzyloligoribonucleotide can" be 
p synthesized by a known process [Nucleic Acids Research^ 26;. 

rij 2224-2229 (1998)]. As custom DNA synthesis services are 

H available from GENSET SA, Paris, France, they can be readily 

obtained. The present inventors have completed the present 
15 invention by conducting experiments with the compounds 
furnished by this company pursuant to our order. 

Incidentally, use of a nucleic acid probe according to 
the present invention with m^odified DNA, such as 2-0- 
methyloligoribonucleotide (hereinafter simply called ^^2-0- 
20 Me-oligoribonucleotide) , inserted in an 

oligodeoxyribonucleotide primarily for the determination of 
RNA, especially for the determination of rRNA can provide 
preferred results. 

Upon determination of RNA by the nucleic acid probe 
25 according to the present invention, it is preferred to subject 
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an RNA solution as a sample to heat treatment at 80 to lOOt;, 
preferably 90 to lOOt, most preferably 93 to 97t for 1 to 15 
minutes, preferably 2 to 10 minutes^ most preferably 3 to 7 
minutes before hybridization with the probe such that the 
5 higher-order structure of RNA can be degraded, as this heat 
treatment makes it possible to improve the efficiency of 
hybridization . 

it-J It is also preferred to add a helper probe to a 

rjl hybridisation reaction mixture for raising the efficiency of 

L^IlO hybridization of the nucleic acid probe of this invention to 
;L the hybridization sequence region. In this case, the 

oligonucleotide of the helper probe can be in an 
oligodeoxyrifaonucleotide, an oligoribonucleotide or an 
oligonucleotide subjected to similar chemical modification as 
15 described above. Examples of the above-described 

oligonucleotides can include those having the base sequence of 
(5' )TCCrTTGAGT TCCCGGCCGG A(3' ) as the forward type and those 
having the base sequence of [5^ ) CCCTGGTCGT AAGGGCCATG 
ATGACTTGAC GTC3'> as the backward type or the reverse type. 
20 Preferred examples of the chemically-modified oligonucleotide 
can include 2-0-alkyloligoribonucleotides, notably 2-0-Me- 
oligoribonucleotide - 

Where the base strand of the nucleic acid probe according 
to the present invention is formed of 35 or fewer bases, use 
25 of a helper probe is particularly preferred. When a nucleic 
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acid probe according to th& present invention longer than a 
strand is used, however, it may only be necessary to 
thermally denature target RKA in some instances. 

When the nucleic acid probe according to the present 
invention is hybridized to RNA as described above, the 
efficiency of hybridization i3 enhanced. The fluorescence 
intensity, therefore, decreases corresponding to the 
concentration of RWA in the reaction mixture so that RNA can 
be determined up to a final RNA concentration of about 15 0 pM. 

Accordingly, the present invention also relates to a kit 
for determining a concentration of a target nucleic acid, which 
includes or is accontpanied by the above-described helper probe 
in addition to a kit which is adapted to determine the 
concentration of the target nucleic acid the nucleic acid probe 
of the present invention and which includes or is accompanied 
by the nucleic acid probe of this invention. 

In determination of RNA by a conventional hybridization 
assay making use of a nucleic acid probe, an oligodeoxy- 
ribonucleotide or oligoribonucleotide has been used as the 
nucleic acid probe , Because RNA itself has a higher-order solid 
structure, the efficiency of hybridization between the probe 
and the target RNA was poor, resulting in quantitation of low 
accuracy. The conventional methods, therefore^ are 
accompanied by irksomeneas that a hybridization reaction is 
conducted after denaturing RNA and immobilizing denatured RNA 
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on a membrane. ThG method according to the present invention, 
on the other hand, uaas a nucleic acid probe a ribose portion 
of which has been modified to have high affinity to a particular 
structural part of RNA, so that a hybridization reaction can 
be conducted at a higher temperature compared with the 
conventional methods . The above-mentioned adverse effects of 
the high-order structure of RNA can be overcome by simply 
conducting thermal denaturation as pretreatment and using a 
helper probe in combination. As a consequence, the efficiency 
of hybridization in the method according to the present 
invention is practically as high as 100%, leading to 
improvements in the accuracy of quantitation. Further, the 
method according to the present invention is far simpler and 
easier than the conventional methods. 

The probe according to the present invention is formed 
of 5 to 50 bases, preferably 10 to 25 bases, moat preferably 
15 to 20 bases. A base number greater than 50 leads to lower 
permeability through a cell membrane when employed in the FISH 
method, thereby narrowing an applicable range of the present 
invention. A base number smaller than 5, on the other hand, 
tends to induce non-specific hybridization and, therefore, 
results in a large determination error. 

The oligonucleotide in the nucleic acid probe in the 
present invention can be produced by a conventional production 
process for general oligonucleotides. It can be produced, for 
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example, by a chemical synthesis process or by a microbial 
process which makes use of a plasmid vector, a phage vector or 
the like (Tetrahedron Letters, 22, 1859-1862, 1981; Nucleic 
Acids Research, 14, 6227-6245, 1986) • Further, it is suitable 
5 to use a nucleic acid synthesizer currently available on the 
market (for example, ^^ABI394", trade name, manufactured by 
Perkin-Elmer Corp. , Norwalk, Connecticut, U.S.A»). Further, 
there are some enterprises which offer custom DNA synthesis 
services on commercial basis. It is, therefore, most 

10 convenient to conduct only the designing of base sequences and 
to order their synthesis to such enterprises. Illustrative of 
such enterprises are Takara Shuzo Co., ltd., Kyoto, Japan and 
Espec Oligo Service Corp., Ibaraki, Japan. 

To label the oligonucleotide with the fluorescent dye and 

15 the quencher substance, desired one of conventionally-knov?n 
labeling methods can be used (Nature Biotechnology, 14, 303-308, 
1996; Applied and Environmental Microbiology, 63, 1143-1147, 
1997; Nucleic Acids Research, 24, 4532-4535, 1996). To 
conjugate a fluorescent dye and a quencher substance to the 

20 5' end, a linker or spacer, for example, - (Cfij) „-SH or - (CHj) ^-^^Hs 
is first introduced into a phosphate group at the 5' end by a 
method known per jse in the art. As such a linker- or 
spacer-introduced derivative is available on the market, a 
commercial product may be purchased (Midland Certified Reagent 

25 Company) . In the above-mentioned example, n ranges from 3 to 
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8 with 5 or 7 being preferred. The oligonucleotide can be 
labeled by reacting a SH- or NHj- reactive fluorescent dye or 
a quencher substance to the linker or spacer. Reversed phase 
chromatography or the like to provide a nucleic acid probe for 
5 use in the present invention can purify the thus-synthesized 
oligonucleotide, which ia labeled with the fluorescent dye. 
Further, to conjugate the fluorescent dye or quencher 
substance to the 3' end of the oligonucleotide, a linker, for 
example, -{CHj) „-NH2 or - (CHj) „-SH i3 introduced onto an OH 

10 group on the C atom at the 2* -position or 3' -position of ribose 
or onto an OH group on the C atom at the 3' -position of 
deoxyribose. As such a linker-introduced derivative is also 
available on the market like the above-described ones, a 
commercial product may be purchased (Midland Certified Reagent 

15 Company) . As an alternative, a phosphate group may be 

introduced onto the OK group, followed by the introduction of 
a linker, for example, -(CHs)^-SH or - (CHj)„-NH2 onto the OH group 
of the phosphate group. In these cases, n ranges from 3 to 9, 
with 4 to 8 being preferred. The oligonucleotide can be labeled 

20 by reacting an NHj- or SH-reactive fluorescent dye or a quencher 
substance to the linker. 

For the introduction of the amino group, it is convenient 
to use a kit reagent [for example, "Uni-link Aminomodif ier" 
(trade name, product of Clontech Laboratories, Inc. , Palo Alto, 

25 California, U.S.A.), or "FluoReporter Kit F-6Q82, F-6083, 
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F-6084 or F-10220" (trade name, product of Molecular Probes, 
Inc.)] . in a manner known per se in the art, molecules of the 
fluorescent dye can then be conjugated to the oligo- 
ribonuGleotide. It is also possible to introduce molecules of 
the fluorescent dye into strands of the probe nucleic acid 
(ANALYTICAL BIOCHEMISTRY, 225, 32-38, 1998) . 

When it is desired to introduce an amino group onto a 
ribose portion, dsoxyribose portion, phosphate portion or base 
portion of an oligonucleotide, a linker, a fluorescent dys or 
a quencher substance to enhance its reactivity, use of a kit 
reagent (for example, "Uni-link Aminomodif ier", "FluoReporter 
Kit r-6082, F-6083, F-6084 or F-10220" is convenient. The 
fluorescent dye and the quencher substance can then be bound 
to the oligoribonucleotide by a method known per se in the art. 

In the above-described synthesis, the introduction of a 
protecting group to each function group and the elimination of 
the protecting group can be conducted by conventional, known 
methods . 

The oligonucleotide labeled with the fluorescent dye and 
the quencher substance can be synthesized as described above. 
It is desired to purify intermediate synthesis products and the 
completed synthesis product by liquid chromatography such as 
reversed phase liquid chromatography. The nucleic acid probe 
according to the present invention can be obtained as described 
above . 
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As is appreciated from the foregoing, the nucleic acid 
prob^ dccarding to the present invention can be designed by 
simply labeling an oligonucleotide, which has a base sequence 
hybridizable to a target nucleic acid^ with a fluorescent dye 
and a quencher substance. Its designing is therefore simple. 

The nucleic acid probe according to the present invention 
can be readily can also be readily obtained by ordering its 
synthesis like the synthesis of the oligonucleotide, provided 
that only the designing of the probe can be completed - 

A description will next be made about the fluorescence 
quenching probe according to the second aspect of the present 
invention . 

The oligonucleotide of the fluorescence quenching probe 
of this invention^ which is hybridized to a nucleic acid, is 
similar to that in the above-described fluorescence emitting 
prQbe* Specifically/ it can be a chimeric oligonucleotide or 
a chemically-modified oligonucleotide- As a still further 
alternative, an oligonucleotide with such a chimeric 
oligonucleotide or chemically-modified oligonucleotide 
inserted in its chain can also be used. 

The position of the oligonucleotide, where the oligo- 
nucleotide is modified by a fluorescent dye, is the same as that 
of the above-described fluorescence emitting probe. 

Similarly to the above-described invention, it is also 
possible to add a helper probe to a hybridization reaction 
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mixture to further improve the efficiency of hybridization of 
the nucleic acid probe of this invention to the hybridization 
sequence region. Further, the base sequence and the number of 
base chains of the helper probe, the usability of a 
chemically-modified oligonucleotide, and the like are also aa 
described above in connection with the above-described 
invention. When hybridized to RNA, the efficiency of 
hybridization is increased- The intensity of fluorescence is 
thus decreased corresponding to the amount of RNA in the 
reaction mixture, thereby making it possible to determine RNA 
up to a final concentration of about 150 pM. 

. The thermal modification of RNA and the addition of the 
helper probe in the determination method of RNA by using the 
fluorescence quenching probe of this invention are also similar 
to those described above in connection with the fluorescence 
emitting probe. 

As a consequence, the efficiency of hybridization also 
reaches substantially 100% in this invention method, leading 
to an improvement in quantitativeness . In addition, the method 
is far simpler than the conventional methods. 

The number of bases in the probe according to the present 
invention is similar to that in the above-described invention. 
No particular limitation is imposed on the base sequence of the 
probe insofar as it specifically hybridizes to the target 
nucleic acid. Preferred examples of the base sequence of the 
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probe can include: 

(1} a base sequence designed such that at le^at one G 
{guanine) base exists in the base s&qu&nce of the target nucleic 
acid at a position 1 to 3 bases apart from the end base portion 
of the target nucleic acid hybridized to the probe, 

(2) a base sequence designed such that plural base pairs 
of a nucleic acid hybrid complex forms at least one G (guanine) 
and C (cytosine) pair at an end portion of the probe, and 

(3) a ba3e sequence designed such that in the probe 
modified with the fluorescent label at a portion other than the 
5 'end phosphate group or the 3' end OH group, base pairs in the 
fluorescence-labeled portion forms at least one G (guanine) and 
C (cytosine) pair, 

when the nucleic acid probe labeled with the fluorescent 
dye is hybridized with the target nucleic acid. 

The preparation process of the oligonucleotide of the 
nucleic acid probe according to the present invention and the 
labeling method of the oligonucleotide with the fluorescent dye 
are similar to those described above in connection with the 
above-described invention. 

Further, fluorescent dye molecules can also be introduced 
into the chain of the nucleic acid probe [2^NALYTICAL 
BIOCHEMISTRY, 225, 32-38 (1998)]. 

The nucleic acid probe according to the present invention 
can be prepared as described above. A preferred probe form is 
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one labeled with a fluorescent dye at the 3' or 5' end and 
containing G or C as the base at the labeled end. If the 5' end 
is labeled and the 3' end is not labeled^ the OH group on the 
C atom at the 3' -position of the 3' end ribose or deoxyriboae 
5 or the OH group on the C atom at the 2' -position of the 3 'end 
ribose may be modified with a phosphate group or the like 
although no limitation is impo3ed in this respect . 

In addition, a nucleic acid probe according to the present 
invention can also be prepared by modifying C or G in the chain 

10 of a probe. 

The present invention, in the third aspect thereof, is 
an invention making use of such fluorescence emitting probes 
and fluorescence quenching probes as described above. 
1) Determination kits and determination devices 

15 A target nucleic acid can be easily and accurately 

detezrmined in a short time when a fluorescence emitting probe 
or a fluorescence qraenching probe (hereinafter collectively 
called a ""^nucleic acid probe of the present invention" for the 
sake of brevity unless otherwise specifically indicated) is 

20 hybridized with the target nucleic acid and a change in the 
intensity of fluorescence after the hybridization {an increase 
in the intensity of fluorescence in the case of the fluorescence 
emitting probes; a decrease in the intensity of fluorescence 
in the case of the fluorescence quenching probes) is measured- 

25 Use of the nucleic acid probe of the present invention also makes 
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it possible to determine RNA although its determination has 
heretofore been difficult. 

Accordingly, the present invention also relates to a kit 
for measuring a concentration of a target nucleic acid, which 
includes or is accompanied by the nucleic acid probe according 
to the present invention. 

Use of the nucleic probe according to the present 
invention is not limited to the determination of a nucleic acid, 
but it can also be suitably applied to methods for analyzing 
or determining polymorphism or mutation of a target nucleic acid, 
in particular, its application to a device for the determination 
of a concentration of a target nucleic acid {a DNA chip 
[Tanpakushitsu, Kakusan, Koso (Proteins, Nucleic Acids, 
Enzymes), 43, 2004-2011 (1998) ]> provides a more convenient 
device for the determination of the concentration of the target 
nucleic acid. The method for analyzing or determining 
polymorphism and/or mutation of the target nucleic acid by using 
the device is an extremely convenient method. Described 
specifically, when the nucleic acid probe of this invention is 
a fluorescence quenching probe, the intensity of fluorescence 
upon its hybridization with the target nucleic acid varies 
depending on whether or not a GC pair is formed. It is, 
therefore, possible to analyze or determine polymorphism and/or 
mutation of a target nucleic acid by hybridizing the nucleic 
acid probe according to th present invention to the target 
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nucleic acid and then measuring the intensity of fluorescence. 
Specific methods will be described in Examples. In thi3 case, 
the target nucleic acid can be an amplified or extracted product 
obtained by desired one of nucleic acid amplification methods. 
Further, no particular limitation is imposed on the kind of the 
target nucleic acid. They are however required to contain a 
guanine base or cytosine base in strands thereof or at ends 
thereof, because the intensity of fluorescence would otherwise 
not decrease. The method of the present invention can, 
therefore, analyze or determine a mutation or substitution such 
as G-*A, G*-A, C-*T, C*-T, G-*C or G*-C, specifically, 
polymorphism such as single nucleotide polymorphism (SNP) . 
Incidentally, it is the current practice to perform an analysis 
of polymorphism by determining the base sequence of a target 
nucleic acid in accordance with the Maxam-Gilbert method or the 

dideoxy method. 

Inclusion of the nucleic acid probe according to the 
present invention in a kit for analyzing or determining 
polymorphism and/or mutation of a target nucleic acid, 
therefore, makes it possible to suitably use the kit as a kit 
for the analysis or determination of the polymorphism and/or 
mutation of the target nucleic acid. 

When analyzing data obtained by the method of the present 
invention for the analysis or determination of polymorphism 
and/or mutation of a target nucleic acid, a processing step may 
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be added to correct the intensity of fluorescence, which is 
emitted from the reaction system when the target nucleic acid 
is hybridized with the nucleic acid probe of the present 
invention by the intensity of fluorescence emitted from the 
reaction system when the target nucleic acid and the nucleic 
acid probe are not hybridized with each other. The data so 
processed are provided with high reliability. 

Accordingly, the present invention also provides a data 
analysis method for the method which analyzes or measures 
polymorphism and/or mutation of a target nucleic acid. 

The present invention also features a system for 
analyzing or determining polymorphism and/or mutation of a 
target nucleic acid, which has processing means for correcting 
a fluorescence intensity of a reaction system, in which the 
target nucleic acid is hybridized with the nucleic acid probe 
according to the present invention/ in accordance with a 
fluorescence intensity of the reaction system in which the 
target nucleic acid is not hybridized with the nucleic acid 
probe according to the present invention. 

The present invention further features a computer- 
readable recording medium with procedures recorded as a program 
therein for making a computer perform a processing step in which, 
when analyzing data obtained by the method for analyzing or 
determining polymorphism and/or mutation of a target nucleic 
acid, a fluorescence intensity of a reaction system, in which 
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the target nucleic acid is hybridized with the nucleic acid 
probe according to the present invention, is corrected in 
accordance with a fluorescence intensity of th^ reaction system 
in which the target nucleic acid or gene is not hybridized with 
S the nucleic acid probe according to the present invention. 

The probe according to the present invention may be 
□ immobilized on a surface of a solid (support layer) , for example, 

CO on a Surface of a slide glass. In this case, the probe may 

M preferably be immobilized on the end not labeled with the 

MIO fluorescent dye. The probe of this form is now called a ^^DHA 
IS chip". These DNA chips can be used for monito^ring gene 

31 expressionsr determining baae sequences^ analyzing mutations 

SI or analyzing polymorphisms such as single nucleotide 

ul- polymorphism (SNP) , Needless to day, they can also be used as 

15 devices (chips) for determining nucleic acids. 

To bind the probe of the present invention, for example, 
to a surface of a slide glass, a slide glass coated with 
polycations such as polylysine, polyethyleneimine or 
polyalkylamine, 9 slide glass with aldehyde groups introduced 
20 thereon, or a slide glass with amino groups introduced thereon 
is first provided. Binding can then be achieved, for example, 
by i ) reacting phosphate groups of the probe to the slide glass 
coated with the polycations, ii ) reacting a probe, in which amino 
groups have been introduced, to the slide glass on which 
25 aldehyde groups have been introduced or iii) reacting a probe. 
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in which PDC <pyridinium dichlomate) residual groups, amino 
groups or aldehyde groups have been introduced, to the slide 
glass on which amino groups have been introduced <Fodor, P. A., 
et al., science, 251, 767-773, 1591; Schena, W. , et al . , Proc. 
Natl. Acad. Sci., U.S.A., 93, 10614-10619, 1996; McGal, G., et 
al., Proc. Natl. Acad. Sci., U.S.A., 93, 13555-13560, 1996; 
Blanchad, A. P., et al., Biosens. Bioelectron. , 11, 687-690, 
1996) . 

A device having nucleic acid probes of the invention 
arranged and bound in an arrayed form on a surface of a solid 
support permits more convenient determination of a nucleic 
acid . 

in this case, the formation of a device by individually 
binding many probes of this invention, the base sequences of 
which are different from each other, on a surface of the same 
solid support makes it possible to simultaneously detect and 
quantitate a variety of target nucleic acids. 

Preferably, this device may be designed such that each 
probe is provided on a side o£ the solid support, said side being 
opposite to the side to which the probe is bound, with at least 
one temperature sensor and at least one heater at an area of 
the solid support, where the probe is bound, can be controlled 
to meet optimal temperature conditions. 

For this device, probes other than nucleic acid probes 
of the present invention, for example, nucleic acid probes of 
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a construction designed such that two different fluorescent 
dyes are contained per molecule and each of the probes either 
quenches or emits fluorescence owing to interaction between the 
two fluorescent dyes when the probe is not hybridized with its 
5 corresponding target nucleic acid but either emits fluorescence 
or quenches when the probe hybridizes to the target nucleic acid^ 
specifically, a device with molecular beacons described above 
(Tyagi et alw Nature Biotech* , 14, 303-308, 1996) or the like 
bound thereon can also be used suitably- These devices, 

10 therefore, are embraced within the technical scope of the 
present invention . 

Fundamental operations in the determination method 
making use of the device according to the present invention are 
simply to place a solution, which contains a target nucleic acid 

15 such as mRNAr cDNA or rRNA, on the solid support on which the 
nucleic probes are bound and then to induce hybridization. As 
a result, a change in the intensity of fluorescence takes place 
corresponding to the concentration of the target nucleic acid^ 
and the target nucleic acid can then be detected and quantitatsd 

20 from the change in the intensity of fluorescence. Further, 
binding of many nucleic acid probes of different base sequences 
on a surface of a single support makes it possible to determine 
concentrations of many target nucleic acids at the same time, 
As this device can be used for exactly the same application as 

25 a DNA chip, that is, for the determination of the concentrations 
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of th6 target nucleic acids, it is a novel DNA chip. Under 
reaction conditions optimal for the target nucleic acid, the 
Intensities of fluorescence emitted from the nucleic acids 
other than the target nucleic acid remain unchanged* No 
5 operation is, therefore, needed for cashing off the unreacted 
nucleic acids- Further, independent temperature control of 
the individual nucleic acid probes according to the present 
invention by their corresponding microheaters makes it possible 
to control the probes under their optimal reaction conditions, 

10 respectively- Accurate determination of concentrations is 
therefore feasible. In addition, a denaturation curve between 
each nucleic acid probe of this invention and its corresponding 
target nucleic acid can be analyzed by continuously changing 
the temperature with the microheater and measuring the 

15 intensity of fluorescence during the changing of the 

temperature* From differences in such denaturation curves, it 
is possible to determine properties of the hybridized nucleic 
acid and also to detect SNP. 

Further, the device also makes it possible to conduct 

20 amplification of a gene by PGR or the like and detection of the 
gene at the same time* 

According to each conventional device for determining a 
concentration of a target nucleic acid, a nucleic acid probe 
not modified with a fluorescent dye is bound or fixed on a surface 

25 of a solid support and, subsequent to hybridization with the 
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target nucleic acid labeled with the fluorescent dye, an 
unhybridized portion of the target nucleic acid is washed off;, 
followed by the measurement of the intensity of fluorescence 
from the remaining fluorescent dye. 

To label the target nucleic acid with the fluorescent dye, 
the following steps can be followed, for example, when specific 
mRNA is chosen as a target: <1) mRNA extracted from cells is 
extracted in its entirety, and (2) using a reverse transcriptase, 
cDNA is synthesized while inserting a nucleoside modified by 
the fluorescent dye. These operations are not needed in the 
present invention . 

A number of various probes are applied in spots on the 
device- Optimal hybridization conditions, for example, 
temperatures or the like for nucleic acids to be hybridiz&d to 
the individual probes are different from each other. 
Theoretically speaking, it is therefore necessary to conduct 
a hybridization reaction and a washing operation under optimal 
conditions for each probe (at each spot) . This is however 
physically impossible. For all the probes, hybridization is 
conducted at the same temperature and further, washing is also 
carried out at the same temperature with the same washing 
solution. The device is, therefore, accompanied by a drawback 
that a nucleic acid does not hybridize although its 
hybridization is desired or that, even if its hybridization 
takes place, the nucleic acid is readily washed off as the 



64 

hybridization is not strong, For these reasons, the accuracy 
of quantitation o£ the nucleic acid is low. The pj^esent 
invention does not have such a drawback because the above- 
mentioned washing operation is not needed- Further, a 
5 hybridization reaction can be conducted at an optimal 
temperature for each probe of the present invention by 

'sap 

Jj independently arranging a microheat er at the bottom of each spot 

'II and controlling the hybridization temperature. Accordingly 

IJl the accuracy of quantitation has been significantly improved 

%|10 in the present invention. 

Q 2) Determination method of a target nucleic acid 

ry In the present invention, use of the above-described 

nucleic acid probe, determination kit or device makes it 
possible to specifically determine a concentration of a target 

15 nucleic acid with ease in a short time- A description will 
hereinafter be made of the determination method. 

In the determination method according to the present 
invention, the above-described nucleic acid probe is added to 
a measurement system and is caused to hybridize to a target 

20 nucleic acid. This hybridization can be effected by a 

conventionally-known method (Analytical Biochemistry, 183, 
231-244, 1989; Nature Biotechnology, 14, 303-308, 1996; Applied 
and Environmental lN3icrobiology , 63, 1143-1147, 1997J. As 
conditions for hybridization, the salt concentration may range 

25 from 0 to 2 molar concentration, preferably from 0 , 1 to 1 * 0 molar 
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concentration^, and the pH may range from 6 to 8, preferably from 
6.5 to 7.5. 

The reaction temperature may preferably be in a range of 
the Tiu value of the nucleic acid hybrid complex, which is to 
5 be formed by hybridization of the nucleic acid probe to the 
specific site of the target nucleic acid^ ± 10*C This 
I'^f temperature range can prevent non-specific hybridization- A 

I'jj reaction temperature lower than Tm-lO'tl allows non-specific 

JTi hybridization, while a reaction temperature higher than Tm+lOt) 

1^)L0 allows no hybridization. Tncidentallyr a Tm value can be 

determined in a similar manner as in an experiment which is 
needed to design the nucleic acid probe for use in the present 
invention. Described specifically, an oligonucleotide which 
is to be hybridized with the nucleic acid probe of this invention 
15 (and has a complementary base sequence to the nucleic acid 
probe) is chemically synthesized by the above-described nucleic 
acid synthesizer or the like, and the Tm value of a nucleic acid 
hybrid complex between the oligonucleotide and the nucleic acid 
probe is then measured by a conventional method. 
20 The reaction time may range from 1 second to 180 minutes, 

preferably from 5 seconds to 90 minutes. If the reaction time 
is shorter than 1 second, a substantial portion of the nucleic 
acid probe according to the present invention remains unreacted 
in the hybridization. On the other hand, no particular 
25 advantage can be brought about even if the reaction time is set 
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excessively long- The reaction time varies considerably 

depending on the kind of the nucleic acid, namely, the length 

or base sequence of the nucleic acid. 

In the present invention/ the nucleic acid probe is 
5 hybridized to the target nucleic acid as described above. The 

intensity of fluorescence emitted from the fluorescent dye is 
;3 measured both before and after the hybridization^ and a decrease 

■n in fluorescence intensity after the hybridization is then 

m calculated* As the decrease is proportional to the 

SiLO concentration of the target nucleic acid, the concentration of 
rj the target nucleic acid can be determined. 

fy The concentration of the target nucleic acid in the 

pj reaction mixture may range from 0*1 to 10*0 nM, while the 

concentration of the probe in the reaction mixture may range 
15 from 1.0 to 25.0 nM. Upon preparation of a working curve, the 

nucleic acid probe of the present invention may desirably be 

used at ratios of from 1*0 to 2-5 relative to the target nucleic 

acid. 

Upon actually determining the concentration of a target 
20 nucleic acid, the concentration of which is unknown, in a sample, 
a working curve is first prepared under the below-described 
conditions. A corresponding probe according to the present 
invention is added at plural concentrations to aliquots of the 
sample, respectively, followed by the measurement of changes 
25 in the intensity of fluorescence from the respective aliquots. 
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The probe concentration^ which corresponds to the greatest one 
of the change in fluorescence intensity so measur^dr is chosen 
as a preferred probe concentration- Based on the change* in 
fluorescence intensity measured at the preferred probe 
6 concentration, a quantitated value of the target nucleic acid 
can be determined from the working curve, 
l^fj A description ha$ been made about the principle of the 

.F| method of the present invention for the determination of a 

r=i concentration of a nucleic acid. The present invention can be 

CtlO applied to various nucleic acid determination methods, for 
;L example, FISH methods, PGR methods, LCR methods, SD methods^ 

pjj competitive hybridizations, and TAS methods - 

..It Examples of these applications will hereinafter be 

described . 

15 CD Application to FISH methods 

The method of the present invention can be applied to 
nucleic acids contained in cells of microorganisms, plants or 
animals or those contained in homogenates of the respective 
cells . The method of the present invention can also be suitably 

20 applied to nucleic acids in ceils of a cultivation system of 
microorganisms (e.g., a co-cultivation system of 
microorganisms or a symbiotic cultivation system of 
microorganisms) , in which various kinds of microorganisms are 
contained together or a microorganism and other animal- or 

25 plant-'derived cells are contained together and cannot be 
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isolated from each other^ or in a hcmogenate or the like of the 
cells of the cultivation system. The term '^inicroorganisin^" as 
used herein means microorganisms in general sense, and no 
particular limitation is imposed thereon* Examples of such 
5 microorganisms can include eukaryotic microorganisms and 

prokaryotic microorganisms, and also mycoplasmas ^ virus and 
p rickettsias. The term ""'a nucleic acid'' as used in connection 

Lii with such a microorganism system means a nucleic acid with a 

M base sequence specific to cells of a cell strain which is desired 

UilO to be investigated/ for example^ as to how it is acting in the 
microorganism strain. Illustrative examples can include 5S 
rfi rRNAs, 16S rRNAs and 23S rRNAs of certain specific cell strains 

C| and particular sequences of their gene DNAs . 

'ij^ According to the present invention, a nucleic acid probe 

15 is added to a co-cultivation system of microorganisms or a 
symbiotic cultivation system of microorganisms and the 
concentration of 5S rRNA^ 16S rRNA or 23S rRNA of a particular 
cell strain or its gene DNA, thereby making it possible to 
determine the viable count of the particular strain in the 
20 system. Incidentally, a viable count of a particular cell 
strain in a co-cultivation system of microorganisms or a 
symbiotic cultivation system of microorganisms can be determine 
by adding the nucleic acid probe to a hcmogenate of the system 
and then measuring a change in fluorescence emission from the 
25 fluorescent dye before hybridization relative to fluorescence 



69 



emission from the fluorescent dye after the hybridization , It 
is to be noted that this method also falls within the technical 
scope of the present invention. . 

The above-described determination method can be carried 
out as will be described hereinafter. Before the addition of 
the nucleic acid probe of the present invention, the temperature, 
salt concentration and pH of the co-cultivation system of 
microorganisms or the symbiotic cultivation system of 
microorganisms are adjusted to meet the conditions described 
above. It ia also preferable to adjust the concentration of 
the specific cell strain, which is contained in the co- 
cultivation system of microorganisms or the symbiotic 
cultivation system of microorganisms, to 10^ to 10^^ cells/mL, 
preferably lo' to lO" cells/mL in terms of viable count. These 
adjustments can be achieved by dilution, centrifugal or like 
concentration, or the like, A viable count smaller than 10' 
cells/mL results in low fluorescence intensity and greater 
determination error . A viable count greater than 10" celis/mL, 
on the other hand, leads to excessively high fluorescence 
intensity, so that the viable count of the particular 
microorganism cannot be determined quantitatively. However, 
this range depends upon the performance of a fluorimeter to be 
used. 

The concentration of the nucleic acid probe of the present 
invention to be added depends upon the viable count of the 
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particular cell strain in the co-cultivation system of 
microorganisms or the symbiotic cultivation system of 
microorganisms and^ at a viable count of 10^ cells/mL, may be 
in a range of from D.l to 10. 0 nM, preferably in a range of from 
0 - 5 to 5 n.M, more preferably 1 . 0 nM, A probe concentration lower 
than 0.1 nM cannot provide any data which accurately reflects 
the viable count of the particular microorganism- The optimal 
probe concentration, however, cannot be specified in any 
wholesale manner because it depends upon the concentration of 
a target nucleic acid in cells. 

Upon hybridizing the nucleic acid probe to the 5S rRNA, 
16S rRNA or 23S rRNA of the particular cell strain or its gene 
DNA in the present invention;, the reaction temperature may be 
set as described above. Further, the hybridization time may 
also be set as described above - 

The nucleic acid probe is hybridized to the 5S rRNA^ 16S 
rRNA or 23S rRNA of the particular cell strain or its gene DNA 
under such conditions as described above. Intensities of 
fluorescence from the fluorescent dye in the co-cultivation 
system of microorganisms or the symbiotic cultivation system 
of microorganisms before and after the hybridization are then 
measured • 

In the present invention, no particular limitation is 
imposed on components other than the microorganisms in the 
co-cultivation system of microorganisms or the symbiotic 



71 



cultivation system of znicroorganisms, insofar as the components 
do not interfere with the hybridization between the nucleic acid 
probe according to the present invention and the 53 rRiNA/ 1€S 
rRNA or 23S rRNA or its gene DNA and farther, do not inhibit 
the emission of fluorescence from the fluorescent dye or the 
action of the quencher substance labeled on the oligonucleotide - 
For example, phosphates such as KHjPO^, K2HPO4, NaH2P04 andNaflHPO^,, 
inorganic nitrogen compounds such as ammonium sulfate, ammonium 
nitrate and urea, various salts of metal ions such as magnesium, 
sodium, potassium and calcium Lons, various salts such as the 
sulfates, hydrochlorides, carbonates and the like of trace 
metal ions such as manganese, zinc, iron and cobalt ions, and 
vitamins may be contained to adequate extent- If the 
above-described interference or inhibition is observed, it may 
be necessary to separate cells of the plural laicroorganisms from 
the cultivation system by an operation such as centrifugal 
separation and then to resuspend them in a buffer or the like. 

Usable examples of the buffer can include various buffers 
Such as phosphate buffer, carbonate buffer, Tris-HCl buffer, 
Tris-glycine buffer, citrate buffer, and Good's buffer* The 
buffer should be adjusted to a concentration not inhibiting the 
hybridization or the emission of fluorescence from the 
fluorescent dye. This concentration depends upon the kind of 
the buffer. The pH of the buffer may range from 4 to 12, with 
5 to 9 being preferred- 
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(D Application to PCR methods 

The present invention can be applied to any method insofar 
as it is a PCR method. A description will hereinafter be made 
of an application of the present invention to a real-time 
6 quantitative PCR method. 

In the real-time quantitative PCR method, PCR is 
O conductBd using a specific nucleic acid probe according to the 

Wl present invention, and a change in fluorescence emission from 

M the florescent dye after a reaction relative to fluorescence 

KlO emission from the fluorescent dye before the reaction is 

determined in real time, 
Qi The term ^"PCR'' as used herein means a variety of pCR 

\l methods. Examples can include RT-PCR, RNA-primed PCR, stretch 

M PCRr reverse PCR, PCR making use of an Alu sequence, multiple 

15 PCR, PCR making use of a mixed primer^ and PCR making use of 
PNA. Further, the term "quantitative" means, in addition to 
quantitation in general sense, quantitation of such an extent 
as detection as described above. 

As described above, the term ^^target nucleic acid'" as used 
20 herein means a nucleic acid the existing amount of which is 
intended to be determined, irrespective whether it is in a 
purified form or not and further irrespective of its 
concentration. Various other nucleic acids may also exist 
together with the target nucleic acid. For example, the target 
25 nucleic acid may be a specific nucleic acid in a co-cultivation 
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system niicroorganisms (a niixed system of RNAg or gene DMAs of 
plural microorganisms) or a gyirbiotic cultivation system of 
microorganisms <a mixed system of RNAs or gene DNAs of plural 
animals, plants and/or microorganisms), the amplification of 
which is intended. Purification of the target nucleic acid, 
if needed, can be conducted by a method known per se in the art. 
For example, purification can be effected using a purification 
kit or the like available on the market. 

The conventionally-known quantitative PGR methods 
individually amplify, in the presence of Mg ions, a target 
nucleic acid by using dATP, dGTP, dCTP, dTTP or dUTP, a target 
nucleic acid (DNA or RNA) , Taq polymerase, a primer, and a 
nucleic acid labeled with a fluorescent dye or an intercalator 
while repeatedly changing the temperature between low and high 
levels, and monitor increases in fluorescence emission from the 
fluorescent dye in real time in the course of the amplification 
[Jikken Igaku (Laboratory Medicine) , 15(7), 46-51, Yodosha 
(1997) ] . 

On the other hand, the quantitative PGR method according 
to the present invention is characterized in that the target 
nucleic acid is amplified by using the nucleic probe of the 
present invention and a change in fluorescence emission from 
the fluorescent dye, specifically, an increase in fluorescence 
emission in the case of the fluorescence emitting probe or a 
decrease in fluorescence emission in the case of the 
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fluorescence quenching prob^ is determined- The number of 
bases in a preferred probe of the present invention for use in 
the quantitative PCR according to the present invention may be 
from 5 to 30, preferably from 10 to 25, notably from 15 to 20. 
No particular limitation is imposed on the probe insofar as it 
hybridizes to amplification products of the target nucleic acid 
in PCR cycles. The probe may be designed in either a forward 
type or a reverse type . 

For example, the following designs can be mentioned when 
the nucleic acid probe is a fluorescence emitting probe. The 
above-described fluorescence emitting probes are all usable. 
Most suitable ones are those not labeled at the 3' ends for the 
reasons to be mentioned next- As the probe is used as a primer, 
the amount of the target nucleic acid labeled with the 
fluorescent dye, namely, the quencher substance and fluorescent 
dye increases with the cycle of the reaction, so that the 
intensity of florescence in the reaction system at the time of 
the hybridization increases with the cycle of the reaction - 
Needless to say, those labeled at the 3' end can also be used 
sufficiently- In this case, they can be used as simple nucleic 
acid probes. 

The f ollowings can be mentioned as illustrative examples 
of the fluorescence quenching probe: 

(1) A probe labeled, at an portion, preferably, an end 
thereof, with a fluorescent dye useful in the practice of the 
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present invention. The base sequence of the probe is designed 
such that, when hybridizes to a target nucleic acid, at least 
one G (guanine) base exists in the base sequence of the target 
nucleic acid at a position 1 to 3 bases apart from the end base 
of the target nucleic acid hybridized on the end portion or end 
of the probe where the probe is labeled with the fluorescent 
dye. 

(2) A probe similar to the probe (1) except that the probe 
is labeled at the 3' end thereof with the fluorescent dye. 

(3) A probe siitiilar to the probe (1) except that the 5' end 
thereof with the fluorescent dye. 

(4) A nucleic acid probe the base sequence of which is 
designed such that, when the probe hybridizes to a target 
nucleic acid, plural base pairs in a probe-nucleic acid hybrid 
complex form at least one G (guanine) and C (cytosine) pair at 
the end portion. 

(5) A probe similar to the probe (4) , wherein the probe 
has G or C as a 3' end base and is labeled at the 3' end thereof 
with a fluorescent dye. 

(6) A probe similar to the probe (4), wherein the probe 
has G or C as a 5' end base and is labeled at the 5' end thereof 

with a fluorescent dye. 

(7) A probe similar to any one of the probes (l)-{6) except 
that the OH group on the C atom at the 3' -position of ribose 
or deoxyribose at the 3 'end or the OH group on the C atom at 
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the 3^ ~ or 2' -position, of ribose at the 3' end has been 
phosphorylated . 

(8) a nucleic acid probe labeled with the fluorescent dye 
at a modification portion other than the phosphate group on the 
5' end or the OH group on the 3 'end hand having a base sequence 
designed such that, when the probe hybridizes to a target 
nucleic acid, plural base pairs in a probe-nucleic acid hybrid 
complex form at least one G (guanine) and C Ccytosine) pair at 
the modification portion- 

{ 9 ) a nucleic acid probe similar to any one of the probe { s ) 
(l)-(6) except that the oligonucleotide of the probe has been 
chemically modified- 

<10) A nucleic acid probe the base sequence of which is 
designed such that, when the probe hybridizes to a target 
nucleic acid, plural base pairs in a probe-nucleic acid hybrid 
complex form at least one G (guanine) and C (cytoaine) pair and 
the G or C forming the base pair is modified by a fluorescent 
dye at a position other than the phosphate group on the 5' end 
or the OH group on the 3 'end. 

In the case of the probe (6) , the 3' or 5' end may not be 
designed to G or C due to the base sequence of a target nucleic 
acid. If this should be the case, 5" -guanylic acid or guanosine 
or 5^^cytidylic acid or cytidine may be added to the 5 'end of 
an oligonucleotide designed as a primer from the base sequence 
of the target nucleic acid- The probe so obtained can still 
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achieve the objects of the present invention adequately. The 
obj ects of the present invention can also be adequately achieved 
by adding 5'-guanylic acid or S'-cytidylic acid to the 3' end. 
The expression ^^nuclelc acid probe designed such that the 3' end 
5 or 5' endbase thereof becomes G or as used herein is, therefore, 
defined to embrace not only probes designed based on the base 
□ sequence of the target nucleic acid but also probes added at 

m the 5' end thereof with 5^-guanylic acid or 5'-cytidylic acid 

M or guanosine or 5'-cytidylic acid or cytidine and probes added 

PlO at the 5' end thereof with 5' -guanylic acid or 5' -cytidylic acid. 
/ In particular^ the above-described probe (7) of the 

m present invention is designed such that it is not used as a primer* 

'%i PGR is conducted by using a single probe of the present invention 

'[2 as opposed to two (fluorescent-dye-labeled) probes needed in 

15 a real-time quantitative PGR method making use of the FRET 
phenomenon- The probe is added to a PGR reaction system, and 
PGR is then conducted * During a nucleic acid extending reaction, 
the probe which has been in a form hybridized with the target 
nucleic acid or amplified target nucleic acid is degraded by 
20 polymerase and is dissociated off from the nucleic acid hybrid 
complex. The intensity of fluorescence of the reaction system 
at this time or the reaction system in which a nucleic acid 
denaturing reaction has completed is measured. Further, the 
intensity of fluorescence of the reaction system in which the 
25 target nucleic acid or amplified target nucleic acid has 
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hybridized with the probe (i.e., the reaction systsm at the time 
of an annealing reaction or at the time of the nucleic acid 
extending reaction until the probe is eliminated from the 
nucleic acid hybrid complex by polymerase) . By calculating a 
decrease o£ the latter fluorescence intensity from the former 
fluorescence intensity, the concenti^ation of the amplified 
nucleic acid is determined. The intensity of fluorescence is 
high when the probe has completely dissociated from the target 
nucleic acid or amplified target nucleic acid by the nucleic 
acid denaturing reaction or when the probe has been degraded 
out from the hybrid complex of the probe and the target nucleic 
acid or amplified nucleic acid at the time of extension of the 
nucleic acid. However, the intensity of fluorescence of the 
reaction system in which an annealing reaction has been 
completed and the probe has fully hybridized to the target 
nucleic acid or amplified target nucleic acid or of the reaction 
system until the probe is degraded out of the hybrid complex 
of the probe and the target nucleic acid or amplified target 
nucleic acid by polymerase at the time of a nucleic acid 
extending reaction is lower than the former. The decrease in 
the intensity of fluorescence is proportional to the 
concentration of the amplified nucleic acid. 

In this case, the base sequence of the probe (7) may 
desirably be designed such that the Tm of a nucleic acid hybrid 
complex, which is available upon hybridization of the probe with 
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the target nucleic acid, falls within a range of the Tm value 
of the hybrid complex of the primer ± IS^C, preferably + 5^. 
If the Tm of the probe is lower than (the Tm value of the primer 
- 5t;> , especially (the Tm value of the primer - 15^) , the probe 
does not hybridize so that nq> decrease takes place in the 
fluorescence emission from the fluorescent dye. If the Tm of 
the probe is- higher than (the Tm value of the primer + 5*0, 
especially., (the Tm value of the primer + IS'C) , the probe also 
hybridizes to nucleic acid or acids other than the target 
nucleic acid go that the specificity of the probe is lost. 

The probes other than the probe (7) , especially the probe 
(6) ia added as a primer to PGR reaction systems. Except for 
the PGR method according to the present invention, no PGR method 
is known to make use of a primer labeled further with a 
fluorescent dye. As the PGR reaction proceeds, the amplified 
nucleic acid is progressively labeled with the fluorescent dye 
useful in the practice of the present invention. Accordingly, 
the intensity of fluorescence of the reaction system in which 
the nucleic acid denaturing reaction has completed is high but, 
in the reaction system in which the annealing reaction has 
completed or the nucleic acid extending reaction is proceeding, 
the intensity of fluorescence of the reaction system is lower 
than the former intensity of fluorescence. 

The PGR reaction can be conducted under similar 
conditions as in conventional PGR methods. It is, therefore. 
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possible to conduct amplification of a target nucleic acid in 
a reaction system the concentration of Mg ions in which is low 
(1 to 2 iriM) . Needless to say, the present invention can also 
be conducted even in a reaction system in which Mg ions are 
contained at such a high concentration (2 to 4 mM) as that 
employed in the conventionally-known quantitative PGR methods. 

In the PGR method according to the present invention, Tm 
value can be determined by conducting the PGR of the present 
invention and then analyzing the melting curve of the nucleic 
acid with respect to the amplification products. This method 
is a novel analysis method of a melting curve of a nucleic acid. 
In this method, the nucleic acid probe employed as a nucleic 
acid probe or primer in the PGR method of the present invention 

can be used suitably. 

In this case, designing of the base sequence of the probe 
according to the present invention into a sequence 
complementary with a region containing SNP (single nucleotide 
polymorphism) makes it possible to detect SNP from a difference, 
if any, in a dissociation curve of the nucleic acid from the 
probe of the present invention by analyzing the dissociation 
curve after completion of PGR. If a base sequence complementary 
with an SNP-containing sequence is used as a sequence for the 
probe of the present invention, a Tm value available from a 
dissociation curve between the sequence of the probe and the 
SNP-containing sequence becomes higher than a Tm value 
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available from a dissociation curve between the sequence of the 
probe and the SNP-free sequence. 
(D Data analysis method 

The present invention, in the third aspect thereof, 
relates to the method for analyzing data obtained by the 
above-described real-time quantitative PGR method, 

A real-time quantitative PGR method is now practiced in 
real time by a system which is composed of a reactor for 
conducting PGR, an equipment for detecting fluorescence 
emission from a fluorescent dye, a user interface, namely, a 
computer-readable recording medium with various procedures of 
a data analysis method recorded as a program (also called 
"sequence detection software system") / and a computer for 
controlling them and analyzing data. Determination by the 
present invention is also conducted by such a system- 

A description will first be made of an analyzer for 
real-time quantitative PGR, Any system can be used in the 
present invention insofar as it can monitor PGR in real time- 
Particularly suitable examples can include '"ABI PRISM™ 7700 
Sequence Detection System (SDS 7700)" <manuf actured by 
Perkin-Eimer Applied Biosystems, Inc, U.S.A-) and 
'^LightCycier™ System" (manufactured by Roche Diagnostics^ 
Mannheim, Germany) - 

■ The above-described reactor is an apparatus for 
repeatedly conducting a thermal denaturing reaction of a target 
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nucleic acid/ an annaaling reaction and an extending reaction 
of the nucleic acid (these reactions can be repeatedly conducted, 
for example^, by successively changing the temperature to Sb'XZ^ 
60*C and 12X^. The detection system comprises a fluorescence 
5 emitting argon laser, a spectrograph and a CCD camera , Further, 
the computer-readable recording medium with the various 
procedures of the data analysis method recorded as the program 
is used by installing It in the computer, and contains a program 
recorded therein for controlling the above-described system via 

10 the computer and also for processing and analyzing data 
outputted from the detection system. 

The data analysis program recorded in the computer- 
readable recording medium comprises the following steps: 
measuring the intensity of fluorescence cycle by cycle, 

15 displaying each measured fluorescence intensity as a function 
of cycles, namely, as a PCR amplification plot on a display of 
the computer, calculating a threshold cycle number (Ct) at which 
the intensity of fluorescence is begun to be detected, fonning 
a working line useful in determining from Ct values the number 

20 of copies of the nucleic acid in the sample, and printing data 
and plot values in the respective steps. When PCR is 
exponentially proceeding, a linear relationship is established 
between the logarithm of the number of copies of the target 
nucleic acid at the time of Initiation of PCR and Ct . It is 

25 therefore possible to calculate the number of copies of the 
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target nucleic acid at the time of initiation of PCR by forming 
a working line based on known copy numbers of the target nucleic 
acid and detecting the Ct of a sample which contains the target 
nucleic acid the number of copies of which ia unknown. 
5 The PCR-related invention such as the above-described 

data analysis method is an invention for analyzing data obtained 
by such a real-time quantitative PGR method as described above . 
Its respective features will be described hereinafter. A first 
feature resides in a processing step for correcting a 

10 fluorescence intensity of a reaction system, which is measured 
when the nucleic acid amplified in each cycle is conjugated with 
the fluorescent dye or when the amplified nucleic acid 
hybridizes to a nucleic acid probe according to the present 
invention in the method for analyzing data obtained by the 

15 real-time quantitative PCR method, by a fluorescence intensity 
of the reaction system as obtained when the above-.described 
conjugate of the fluorescent dye and the nucleic acid or the 
fluorescent dye-nucleic acid conjugate or the above-described 
hybrid complex of the nucleic acid probe of the present 

20 invention and the target nucleic acid or the nucleic acid hybrid 
complex has dissociated in each cycle^ namely/, the first feature 
resides in a correction-processing step. 

As a specific example of "the reaction system when the 

amplified target nucleic acid is conjugated with the 

25 fluorescent dye or when the amplified target nucleic acid 
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hybridizes to a nucleic acid probe according to the present 
invention", a reaction system upon conducting a nucleic acid 
extending reaction or annealing at 40 to 85^^ preferably 50 
to 80X: in each cycle of PCR can be mentioned- The actual 
5 temperature depends upon the length of the amplified nucleic 
acid- 
Further, "^'the reaction system when the above-described 

fluorescent dye-nucleic acid conjugate or the above-described 
nucleic acid hybrid complex haa dissociated"'' can be a reaction 

10 System upon conducting thermal denaturation of the nucleic acid 
in each cycle of PCR, specifically at a reaction temperature 
of from 90 to lODt:, preferably 94 to 96^0. Illustrative is a 
system in which the reaction has been completed. 

Any correction processing can be used as the correction 

15 processing in the correction processing step insofar as it 
conforms with the objects of the present invention. 
Specifically, correction processing including a processing 
step by the following formula (1) or formula (2) can be 
exemplified. 

20 fn ^ fnyb,n/f4<:n,n 

fn ~ ^d€n.n/^hyb.n 

where 

f^: correction-processed value in an n^^ cycle as 

calculated in accordance with the formula (1) or 
25 formula {2} , 
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fhyb,n: intensity value of fluorescence of the reaction system 
available after the amplified nucleic acid has 
conjugated to the fluorescent dye or the amplified 
nucleic acid has hybridized to the nucleic acid probe 
labeled with the fluorescent dye in the n'''' cycle, and 
frfg^ intensity value of fluorescence of the reaction system 
available after the fluorescent dye-nucleic acid 
conjugate or the nucleic acid hybrid complex has 
dissociated in the n^^ cycle. 
This step includes a sub-step in which correction- 
pjcocassed values obtained by the above-described processing are 
displayed on a computer display and/or the correction-processed 
values are likewise displayed and/or printed in the form of a 
graph as a function of cycles. 

A second feature resides in a data analysis method, which 
comprises : 

introducing correction-processed values, which have been 
calculated in accordance with the formula (1) or formula (2) 
in individual cycles, into the following formula (3) or formula 
(4 ) to calculate rates or percentages of changes in fluorescence 
between samples in the Individual cycles : 

where 

F„: rate or percentage of a change in fluorescence in an n^'"" 
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cycle as calculated In accordance with the formula (3) 

or formula (4) ^ 
f^: correction-processed value calculated in the n^^ cycle 

as calculated in accordance with the formula (1) or 
5 formula (2) , and 

f^: correction-processed value calculated in a given cycle 

before a change in f^^ is observed as calculated in 

accordance with the formula (1) or formula (2), and in 

general, a correction-processed value, for example, in 
10 one of lO*'^ to 40^^" cycles, preferably one of 15^"^ to 30*^*^ 

cycles, mere preferably one of 20^^ to 30'='' cycles is 

adopted; . and 

comparing the rates or percentages of changes in 
fluorescence - 

15 This step includes a 3ub-step in which calculated values 

obtained by the above-described processing are displayed on a 
computer display and/or are printed or the calculated values 
are likewise displayed and/or printed in the form of a graph 
as a function of cycles. This sub-step may be applied or may 

20 not be applied to the correction-processed values obtained by 
the formula {!) or formula (2). 

A third feature resides in a data analysis method, which 
comprises the following processing steps: 

1) performing processing in accordance with the following 

25 formula (5), {6) or (7) by using data of rates or percentages 
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of changes in fluorescence as calculated in accordance with said 

formula (3) or (4) : 

logt,(FJ, ln(FJ (5) 
log^{(l-FJ X A}, in{ xb) (6) 

5 logb{(F^-l) X A}, in{ (F„-l) x A} (7) 

where 

A,b; desired numerical values^ preferably integers, more 
^jf preferably natural numbers and, whenA^lOO, b=10, { (F^-l) 

X A} ±3 expressed in terms of percentage (%) , and 
:='-'10 F^: rate or percentage of a change in fluorescence in an 

n*"^ cycle as calculated in accordance with the formula 
;:Jf (3) or formula (4), 

l^i 2) determining a cycle in which said processed value of 

^ said processing step 1) has reached a constant value, 

15 3) calculating a relational expression between cycle of 

a nucleic acid sample of a known concentration and the number 
of copies of said target nucleic acid at the time of initiation 
of a reaction, and 

4) determining the number of copies of said target nucleic 
20 acid in an unknown sample upon initiation of PGR. 

Preferably, these steps are performed in the order of 1) 
^ 2)-f 3)-. 4) • 

Each of these steps 1) to 3) may include a sub-step in 
which processed values obtained by the corresponding processing 
25 are displayed on a computer display and/or the processed values 
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are likewise displayed and/or printed in the foxm of a graph 
as a function of cycles. The step 4) should include at least 
a printing sub^step as the processed values obtained in the 3tep 
4) have to be printed^, although the processed values obtained 
5 in the step 4) may also displayed on a computer display. 

Incidentally, the correction-processed values obtained 
by the formula (1) or (2) and the calculated values obtained 
by the formula (3) or (4) may be or may not be displayed on a 
computer display and/or printed in the form of graphs as a 

10 function of cycles, respectively- These displaying and/or 
printing sub-steps may, therefore^ be added as needed. 

The above-described data analysis method is particularly 
effective when decreases in fluorescence emission from the 
fluorescent dye are measured in the real-time quantitative PGR 

15 method, that is, when fluorescence quenching probes are used- 
As a specific example, the real-time quantitative PGR method 
according to the present invention, which makes use of a 
fluorescence quenching probe, can be mentioned. 

A fourth feature resides in an analysis system for 

20 real-time quantitative PGR, which comprises processing and 
storing means for performing a data analysis method for the 
above-described real-time quantitative PGR method of the 
present invention * 

A fifth feature resides in a computer-readable recording 

25 medium with individual procedures of a data analysis method. 
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which is adapted to analyze PGR by using the analysis system 
for the real-time quantitative PGR, stored as a prograia therein, 
wherein the program is designed to make a computer perform the 
individual procedures of the data analysis method of the present 
invention. 

A sixth feature resides in a novel method for determining 
a nucleic acid, which comprises using the data analysis method, 
determination and/or analysis system and/or recording medium 
of the present invention in the nucleic acid determination 
me t h o d . 

A seventh feature resides in a method for analyzing data 
obtained by the above-described method of the present invention 
for the analysis of a melting curve of a nucleic acid, namely^ 
data obtained by the method of the present invention in which 
the Tm value of the nucleic acid is determined by conducting 
PGR. 

Specifically, the seventh feature resides in an analysis 
method, which comprises the following steps: gradually heating 
a nucleic acid, which has been amplified by the PGR method of 
the present invention, from a low temperature until complete 
denaturation of the nucleic acid (for example, from 50*C to 95X1; 
measuring an intensity of fluorescence at short time intervals 
(for example, at intervals equivalent to a temperature rise of 
from0.2t: to 0.5^) during the heating step; displaying results 
of the measurement as a function of time on a display^ namely. 
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a melting curve of the nucleic acid; differentiating the melting 
curve to obtain differentiated values (-dF/dT, F: intensity of 
fluorescence, T: time); displaying the differentiated values 
as derivatives on the display; and determining a point of 
5 inflection from the derivatives • Xn the present invention, the 
intensity of fluorescence increases as the temperature rise$. 
Preferable results can be obtained in the present invention by 
adding to the above-described step a further processing step 
in which in each cycle, the intensity of fluorescence at the 
10 time of the nucleic acid extending reaction^ preferably at the 
time of completion of the PGR reaction is divided by the value 
of fluorescence intensity at the time of the thermal denaturing 
reaction . 

A measurement and/or analysis system for the real-time 
15 quantitative PGR of the present invention, said real-time 

-quantitative PGR including the method of the present invention 
for the analysis of the melting curve of a nucleic acid added 
to the above-described novel method of the present invention 
for the analysis of data obtained by a PGR method, also falls 
20 within the technical scope of the present invention. 

A still further feature of the present invention resides 
in a computer-readable recording medium with the individual 
procedures of the method of the present invention for the 
analysis of the melting curve of a nucleic acid recorded therein 
25 as a program such that the procedures can be performed by a 



computer or a computer-readable recording medium with the 
individual procedures of the method of the present invention 
for the analysis of data obtained by a PGR method recorded 
therein as a program such that the procedures can be performed 
by a computer, wherein a program designed to make the computer 
perform the individual procedures of the method of the present 
invention for the analysis of the melting curve of the nucleic 
acid is additionally recorded. 

The above-described data analysis methods, systems and 
recording media of the present invention can be used in a variety 
of fields such as medicine, forensic medicine, anthropology^ 
paleontology, biology, genetic engineering, molecular biology, 
agricultural science and phytobreeding . They can be suitably 
applied to microorganism systems called "co-cultivation 
systems of microorganisms'' or ^'symbiotic cultivation systems 
of microorganisms", in each of which various kinds of 
microorganisms are contained together or a microorganism and 
other animal- or plant -derived cells are contained together and 
cannot be isolated from each other. The term "microorganisms" 
as used herein means microorganisms in general sense, and no 
particular limitation shall be imposed thereon. Illustrative 
are eukaryotic microorganisms, prokaryotic microorganisms^ 
mycoplasmasr virus and rickettsias. 

The vial count of a particular cell strain in a co- 
cultivation system of microorganisms or a symbiotic cultivation 



92 



systems of microorganisms can be determined by determining the 
number of copies of the 5S rRNA, 16S rRNA or 23S rRNA of the 
particular cell strain or its gene DNA in the systexu by using 
one or more of the abov^-described data analysis methods, 
5 systems and recording media of the present invention^ because 
the number of copies of the gene DNA of 5S rRNA^ 16S rRNA or 
23S rRNA is specific to each cell strain. In the present 
invention, the vial count of a particular cell strain can also 
be determined by applying the real-time quantitative PGR of the 

10 present invention to a homogenate of a co-cultivation system 
of microorganisms or a symbiotic cultivation systems of 
microorganisms. It shall also be noted that this method also 
falls with the technical scope of the present invention . 
® Polymorphous analysis method 

15 The feature of the polymorphous analysis method according 

to the present invention resides in the use of the nucleic acid 
probe of this invention in a conventional polymorphous analysis 
method to determination a nucleic acid. The term 
'"^polymorphous" or ^''polymorphism" as used herein means 

20 biological polymorphous or polymorphism. In the present 

invention, it means especially the polymorphism of a gene (RNA, 
DWA, gene) on which the polymorphism is brought about- It has 
the same meaning as commonly employed these days in molecular 
biology • 

25 The term '^''polymorphous analysis" means to analyze and/or 
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determine what polymorphism a gene has. 

Currently-available examples of tha conventional 
polymorphous method include SSOP (sequence specific 
oligonucleotide probe) method, RELP [restriction fragment 
length polymorphism) method, T-RFLP fterminal restriction 
fragment length polymorphism) method, SSCP (single strand 
conformation) method, MPH method, CFLP (cleavage fragment 
length polymorphism) method, SSP (sequence specific primer) 
method, PHFA (preferential homoduplex formation assay) method, 
SBT (sequence base typing) method [PCT Ho, Riyo no Tebiki (PGR 
Methods, Manual for Their Use) , Chugai Medical Publishing Co., 
Ltd. (1998)/ Tanpakushitsu, Kakusan, Koso (Proteins, Nucleic 
Acids, Enzymes), 35(17), KYORITSU SHUPPANCO., LTD. (1990); 
Jikken Igaku (Laboratory Medicine), 15 (7) (special number), 
Yodosha (1997)] . T-RELP method or CFLP method can be especially 
suitably applied, although the methods currently used in 
polymorphous analyses are all usable in the present invention 

Features of the polymorphous analysis method will 
hereinafter be described specifically in order. 

The first feature resides in a quantitative gene 
amplification method making use of the nucleic acid probe of 
this invention. Any quantitative gene amplification method 
can be adopted insofar as it has quantitativeness . For example, 
PCR methods can be adopted suitably. Among these, quantitative 
PGR methods and real-time monitoring, quantitative PCR 
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methods are more preferred - 

Examples of conventionally-known, quantitative PGR 
methods can include RT-PCR, RNA-primed PGR, Stretch PGR, 
reversed PCR, PCT making us^ of an Alu sequence, multiple PGR, 
5 PGR making us& of a mixed primer, and PGR making use of PNA. 

According to these conventionally-known^ quantitative 
PGR methods, a target gene is amplified by cycling the 
temperature between a low temperature and a high temperature 
in the presence of Mg ions while using dATP, dGTP, dGTP and dTTP 

10 or dUTPr sl target gene (DNA or RNA) , Taq polymerase, a primer 
and a nucleic acid probe labeled with a fluore$cent dye or an 
intercalator, and an increase in the emission of fluorescence 
from the fluorescent dye in the course of the amplification is 
monitored in a real-time manner [Jikken Igaku (Laboratory 

15 Medicine), 15(7), 4 6-51, Yodosha (1997)]. 

The quantitative PGR method according to the present 
invention, which makes use of the invention nucleic acid probe, 
is a method in which the probe labeled with the fluorescent dye 
i3 used- Tt is a quantitative PGR method that makes u^e of a 

20 probe designed such that the intensity of fluorescence from the 
fluorescent dye changes (specifically, increases in the case 
of a fluorescence emitting probe or decreases in the case of 
a fluorescence quenching probe) when the probe hybridizes to 
a target nucleic acid. 

25 For example, as has been described in detail in connection 
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with the second aspect of the invention, a fluorescence 
quenching proba is labeled at an end thereof with a fluorescent 
dye, and its base sequence is designed such that, when the probe 
hybridizes at the end portion thereof to a target gene, at least 
one G (guanine) base exists in a base sequence of the target 
gene at a position 1 to 3 bases apart from the portion of an 
end base pair of the target gene hybridized with the probe, 
whereby the fluorescent dye is reduced in fluorescence emission 
when the probe hybridizes to the target, gene. 

Preferably/ the fluorescence quenching probe ia labeled 
at the end thereof with the fluorescent dye^ and its base 
sequence is designed such that, when the probe hybridizes to 
the target gene, base pairs of the hybrid complex of the probe 
and the target gene forms at least one G (guanine) and C 
(cytosine) pair (GC base pair) at the end thereof, whereby the 
fluorescent dye is reduced in the intensity of fluorescence when 
the probe hybridizes to the target gene. 

If the 5' or 3'' end cannot be designed to G or C due to 
the base sequence of a target gene, the objects of the present 
invention can also be adequately achieved by adding 5' -guanylic 
acid or 5'-cytidylic acid to the 5' end of an oligonucleotide 
designed as a primer from the base sequence of the target nucleic 
acid. The expression "fluorescence quenching probe'"' is, 
therefore, defined to embrace not only probes designed based 
on the base sequence of the target nucleic acid but also probes 



96 



added at the 3' or 5' enda thereof, preferably the 5' ends thereof 
with 5'-guanylic acid or 5'-cytidylic acid. 

If it Is inconvenient to form the end into C or G;. similar 
fluorescence quenching effect can also be obtained by 
5 fluorescence labeling C or G in the chain of a probe or primer. 

The nucleic acid probe of this invention to be used 
contains 5 to 50 ba^es, preferably 10 to 25 bases, especially 
preferably 15 to 20 bases. No particular limitation is imposed 
on its base sequence insofar as the probe hybridizes 

10 specifically to the target gene. 

According to the quantitative PGR method making use of 
the fluorescence quenching prober the target gene can be easily 
and specifically amplified in short time. When a fluorescence 
quenching probe labeled at the 5' end thereof with a fluorescent 

15 dye i5 used, a target gene labeled at the 5' end thereof with 
the fluorescent dye is amplified [Jikken Igaku (Laboratory 
Medicine), 15(7), Yodosha {1997)]. 

As a thermal cycler for use in the quantitative PGR method, 
any one of various equipment currently available on the market 

20 can be conveniently used no matter whether or not it permits 
real-time monitoring- Particularly preferred examples of 
equipment, which permit real-time monitoring, can include ^^ABI 
PRISM"^ 7700 Sequence Detection System''^ (SDS 7700) (trade name/ 
manufactured by Perkin-Elmer Applied Biosystem, Inc., CA, 

25 U.S*A.) and ^^LightCycler''"^ System" (trade name; manufactured 
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by Roche Diagnostic GmbHr Mannheim, Germany) , 

Amplification of a gene can be attained under amplifying 
reaction conditions known to date. It is generally desired 
to proceed with amplification to an amplification degree which 
5 is coiraionly used. In the course of the amplification of the 
target gene, the intensity of fluorescence is measured by a 
f luorimeter . Changes in the intensity of fluorescence are 
proportional with amplified amounts of the gene. Plotting of 
the changes in the intensity of fluorescence as a function of 

10 time (cycles in the case of PGR] on an ordinary graph paper gives 
an S-shaped (sigmoid) curve ^ whereas their plotting on a semilog 
graph paper gives a line, which linearly increases in the 
beginning like an exponential function but then forms a curve 
which reaches a gentle plateau. 

15 As the degree of amplification of the target gene, in 

other wordS/ the time to stop the amplifying reaction of the 
gene to improve the quantitativeness of the initial amount of 
the gene before starting PCR depends upon the purpose of the 
polymorphous analysis, no particular limitation is imposed 

20 thereon. Described specifically, when a polymorphous system 
is analyzed for only priority polymorphism, it is suited to 
amplify the target gene for a desired time from the initial 
observation of a change in the intensity of fluorescence until 
before the above-described plateau is reached. It is most 

25 preferable to stop the reaction In an exponential growth phase 
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[i.e. , before reaching a midpoint of the sigmoid curve (a point 
where a derivative of the curve becomes 0) ] . When it is desired 
to analyze all polymorphous species contained in the 
polymorphous system, it is desired to conduct several 
6 experiments in a trial and error manner to determine a degree 
of amplification considered to be the best and then to amplify 
the gene to such extent that genes, which show polymorphism in 
the reaction system, can all be observed. A method - in which 
amplification is conducted by dividing it in plural stages, in 
10 other words, an experiment is conducted at plural degrees of 
amplification and the results are analyzed as a whole - can also 
be adopted appropriately, because minor polymorphous species 
tend to draw a sigmoid curve having large time lags. 

When the quantitative PGR method, especially the 
15 real-time monitoring quantitative PGR method is performed using 
the fluorescence quenching probe of this invention as a primer, 
the fluorescence quenching probe as the primer is used 
repeatedly for the amplification of the target gene so that the 
target gene labeled at the 5' end thereof with the fluorescent 
20 dye is amplified. The amplified target gene then hybridizes 
to the corresponding target gene. When this hybridization 
takes place, the intensity of fluorescence decreases. It is 
therefore only required to conduct the amplifying reaction to 
the best degree of amplification in a similar manner as 
25 described above while tracing decreases in the intensity of 
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fluorescence • This quantitative PCR method can also be 
conducted under sirailar reaction conditions as the conventional 
PCR methods. Accordingly, amplification of a target gene can 
be conducted in a reaction system the Mg ion concentration of 
6 which is low (1 to 2 voM) or, as was Icnown conventionally, is 
high (2 to 4 mM) . 

It is preferred to prepare a working line for the target 
;-;=f gene by using a target gene before the amplifying reaction of 

the target gene* A description will now be made about an . 
j^^^lO illustrative case in which the above-described fluorescence 

quenching probe was used as a primer and the real-time 
w monitoring quantitative PCR method was conducted. 

Plotting of decreases in the intensity of fluorescence 
O as a function of cycles on an ordinary graph paper gives an 

15 S-shaped (sigmoid) curve. An exponential relation exists 

between the number of cycles at a time point where the rate of 
decrease was the greatest and the initial number of copies of 
the target gene (the number of copies before the initiation of 
PCR), that is, the target gene in the initial stage. Advanced 
20 preparation of a target straight line,- which represents the 
correlation between the number of cycles and the number of 
copies at that time pointi makes it possible to determine the 
initial number of copies of the target gene in an unknown sample^, 
namely, the initial amount of the target gene. 
25 Incidentally, the above-described quantitative PCR 
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method making us^ of the fluorescence quenching probe is a novel 
method developed by the present inventors. 

As the second feature of the quantitative polymorphous 
analysis method^ it is an analysis method for analyzing data 
5 obtained by the quantitative PGR method. 

As a matter of fact/ it is nothing but a method for 
analyzing data obtained by the above-described quantitative PCR 
process. This analysis method ia currently most suited for 
determining the initial amount of the target gene as accurately 
10 as possible. 

This invention also relates to a reagent kit for use in 
the above-described quantitative gene amplification process 
and also to a computer-readable recording medium characterized 
in that a progrcun for making a computer perform the above- 
15 described data analysis method is recorded. 

Moreover, the present invention also relates to a data 
analysis system characterized in that the system is provided 
with means for conducting the above-described data analysis 
method. 

20 The third feature of the present invention relates to a 

method for analyzing polymorphism with respect to genes 
amplified by the quantitative PCR method according to the 
present invention . 

Now^ this polymorphous analysis method will be described 

25 specifically. Among various polymorphous analysis methods^ 
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T-RFLP can be suitably used in the present invention. As an 
example of the present invention, a gene is amplified by a 
quantitative PCR method making use of a fluorescence quenching 
probe as a primer^ especially by a real-time monitoring 
5 quantitative PCR method, and the initial amount of the gene 
before PCR is determined. Further^ a detailed description 
will be made about a method for analyzing polymorphism of the 
amplification products by T-RFLP, Incidentally r the gene 
amplified by using the fluorescence quenching probe as a primer 
10 is labeled at the 5' end thereof with the fluorescent dye useful 
in the practice of the present invention. 

(1) Firstly, the amplification products are digested by 
a restriction endonuciease . As this restriction endonuclease, 
the currently known restriction endonucleases are all usable - 

15 Illustrative are Bao FI, Hha I, Hoh I, Knl I, Rca I, Aiu I and 
Map I. Among these, preferred are Rca I, Alu I and Map I, with 
Hha I being most preferred. As digesting reaction conditions, 
conditions generally employed for the currently known genes can 
be used. If Hha I is chosen as a restriction endonuciease, for 

20 example, it is reacted at 37t; for 6 hours at a restriction 
endonuciease concentration of 10 units . 

(2) Gene fragments digested as described above can 
preferably be thermally modified into single-stranded forms. 
This modification treatment can be conducted under usual 

25 conditions known to the public. For example, they are treated 
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at 91X1 for 5 minutes and then chilled in ice. 

(3) Analysis and determination of gene fragments 

In the polymorphous analysis method of the present 
invention, only the gene fragments labeled with the fluorescent 
dye are analyzed and determined by electrophoresis, HPLC, 
sequencer or the like. 

Described specifically, individual bands and band peaks 
are detected based on fluorescence intensities* This 
detection can be conducted using an ordinary analyzer currently 
available on the market- Examples of the analyzer can include 
'^ABI 373A" (trade name, a sequencer manufactured by Applera 
Corp-Applled Biosystems Group, CT^ U.S,A,)f ^''ABI 377''' (trade 
name, a sequencer manufactured by Applera Corp-Applied 
Bioaystems Group^ CT, U,S,A.) , and ^^Biofocus 3000" (trade name; 
manufactured by &io-Rad Laboratories, Inc. CA, U.S.A.) • 

In the present invention, appearance of plural bands or 
plural peaks in the above-described analysi3 means existence 
of polymorphism. A single band or a single peak means non^ 
existence of polymorphism* A fluorescence intensity ratio of 
individual bands or peaks obviously means a polymorphous ratio. 
As the amount of a target gene before PCR is determined in the 
quantitative PCR method of the present invention, 
multiplication of the determined value by the above-described 
polymorphous ratio makes it possible to determine the initial 
amounts of the individual species of the polymorphous gene. 
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A method for obtaining data with respect to polymorphism 
as described above has been successfuiiy provided for the first 
time owing to the use of the quantitative PGR method making use 
of the fluorescence quenching probe of the present invention. 

Further, a convenient reagent kit for quantitative 
polymorphous analysis can also be provided by either including 
or attaching a reagent kit for the quantitative PGR method. 

In addition, additional recording of a program, which is 
adapted to make a computer perform an analysis of data of the 
above-described real-time monitoring quantitative PGR, in a 
computer-readable recording medium - in which a program for 
making the computer perform the analysis method of data obtained 
by the above-described polymorphous analysis method has already 
been recorded - can provide a more convenient, computer- 
readable recording medium for the analysis of data obtained by 
the quantitative polymorphous analysis method. 

Moreover, combined arrangement of a data analyzer for PGR 
with a polymorphous analyzer equipped with means for performing 
the quantitative polymorphous analysis method can provide a 
more convenient polymorphous analyzer. 

The present invention will next be described more 
specifically based on the following Examples and Comparative 
Examples. Examples 1-7 relate to fluorescence emitting probes 
according to the present invention. 
Example 1 
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Synthesis of nucleic acid probe 

Assuming that the base sequence of a target nucleic acid 
was ( 5 ' ) GGGGGGAA2\AAAAAA ( 3 ' ) formed of an oligodeoxy- 
ribonucleotide, synthesis of a nucleic acid probe according to 
5 the present invention was conducted in the following order. 
Desianinq of nucleic acid probe 

As the base sequence of the target nucleic acid was 
^ (5' ) GGGGGGAAAAAAAAA(3' ) ^ it was possible to readily design the 

n base sequence of the nucleic acid probe as 

|;^^10 (5' ) TTTTTTTTTCCCCCC (3' } formed of an oligodeoxyribonucleotide . 

The nucleic acid probe according to the present invention wes 
designed further as will be described hereinafter* It was 
I,'; decided to label a fluorescent dye, Texas Red, to a phosphate 

group on the 5^ end and a quencher substance, Dabcyl, to an OH 
15 group on the 6-C of a base ring of the 6^^ thymine from the 5 ''end 
(Design of Texas Red- (5M TTTTTT (Dabcyl-) TTTCCCCCC (3' ) ) . 

Using "^^S' Amino-Modlf ier C6 Kit'' (trade nam^r product of 
Glen Research Corporation, VA, U.StA.), the phosphate group of 
thymidylic acid was modified with an aunino linker (protecting 
20 group: MMT) . Using ^'Amino^Modif ier C2dT Kit" {trade name, 

product of Glen Research Corporation^ VA, U.S-A*)/ the OH group 
on the 6-C of the base ring of thymidine was modified with an 
amino linker (protecting group: TFA) . Using those modified 
thymidylic acid and thymidine, an oligonucleotide having the 
25 following base sequence was synthesized by a DNA synthesizer 
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C'ABl 394") (tradename, manufactured by Per kinElmer Japan Co * , 
Ltd., Japan) . Specifically, it was a deoxyribooligonucleotide 
having the base sequence of (5' ) TTTTTTTTTCCCCCC (3' ) , the 
phosphate group on the 5' end was modified with the axaino linker 
5 (protecting group MMT) , and the OH group on the 6-C of the base 
ring of the 6**" thymine from the 5' end vjas modified with the 
amino linker (protecting group: TFA) . Incidentally/ the 
synthesis of DNA was conducted by the p-cyanoethylphosphor- 
amidate method. After the synthesis^ elimination of the 
10 protecting groups was conducted with 28% aqueous ammonia at 55*C 
for S hours - 

Purification of gynth^aized product 

The synthetic oligonucleotide obtained as described 

above was dried into a dry product. The dry product was 
15 dissolved in 0.5 M NaKCOa/NaaCOj buffer (pH 9.0) . The solution 

was subjected to gel filtration through ''NAP-25 Column" (trade 

name, product of Pharmacia AB, Uppsala, Sweden), whereby 

unreacted substances were removed* 

Labeling with quencher substance 
20 The filtrate was dried into solid, and dissolved in 

sterilized water {150 \iL) (oligonucleotide A solution) . 

"'Dabcyl-NHS" (trade name, product of Molecular Probes, Inc., 

OR, U.S.A.} (Img) was dissolved in DMF (dimethylf ormamide) (150 

pL) , and the oligonucleotide A solution and 1 M NaHC03/Na2C03 
25 buffer (150 pL) were added. The resulting mixture was stirred. 
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followed by a reaction overnight at room temperature. 
Purification of synthesized product 

The reaction product was subjected to gel filtration 
through (trade namer product of Pharmacia A3,, Uppsala, 

5 Sweden) to remove unreacted substances. Then, the protecting 
group (M>3T) on the 5 'end was eliminated with 2% TFA. Reversed 
phase HPLC was conducting using ^^SEP-PAC Cj^g column" to 
fractionate the target product in which the quencher substance, 
Dabcyl" was bound to the linker -(CH2}7-NH2 of the 

lra.0 oligonucleotide. The fractionated product was subjected to 

%J gel filtration through ^'"'NAP-IO" (trade name, product of 

□ Pharmacia AB, Uppsala, Sweden) . 

ill Labeling with fluorescent dve 

Q The gel filtrate was dried into solid, and dissolved in 

15 sterilized water (150 pL) (oligonucleotide B solution) , 

^^Sulfcrhodamine 101 Acid Chloride" (trade name, product of 
Dojindo Laboratories, Kumamoto, Japan) (1 mg) was dissolved in 
DMF (IDO pL) , and the oligonucleotide B solution and 1 M 
NaHCOa/NajCOa buffer (150 uL) were added- The resulting mixture 
20 was stirred, followed by a reaction overnight at room 

temperature to have the fluorescent dye, Texas Red, bound to 
the amino liner on the 5'' end* 
Purification of synthesized product 

The reaction product was subjected to gel filtration 
25 through '^''NAP-25" (tradename, product of Pharmacia AB, Uppsala, 
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Sweden) to remove unreacted substances. Reversed phase HPLC 
was conducted in a similar manner as described above^ and a 
nucleic acid probe according to the present invention^ which 
was an oligonucleotide with the quencher substance bound to the 
5 7^^ thymine base from the 5 'end and also with the fluorescent 
dye^ Texas Red, added to the 5 'end, namely, an nucleic acid probe 
labeled with the fluorescent dye and the quencher substance was 
obtained. Incidentally, the invention nucleic acid probe was 
eluted with a lag from the oligonucleotide with the quencher 

10 substance bound thereon* 

Quantitation of the invention nucleic acid probe 
conducted by measuring a value at 2 60 nM with a 
spectrophotometer. With respect to the probe, scanning of an 
absorbance over 650 nm to 220 nm was also conducted using the 

15 spectrophotometer. As a result, absorptions ascribed to 
Dabcyl, Texas Red and DNA, respectively, were confirmed. 
Further, the purity of the purified product was tested by 
similar reversed phase HPLC as in the above. As a result, it 
was confirmed that the purified product gave a single peak. 

20 The invention nuclear acid probe synthesized as described 

above is free of any base sequence having complementation at 
at least two positions between the base chains at positions 
where the probe was labeled with Texas Red as a fluorescent dye 
and Dabcyl as a quencher substance, respectively- The 

25 invention nuclear acid probe, therefore, does not form any 
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double-stranded chain in its own chain. In other words, the 
invention nuclear acid probe does not form any stem-loop 
structure . 

Th6 above-described reversed phase chromatography was 
5 conducted under the following conditions: 

Eluting solvent A: 0.05 N TEAA 5% CH3CISI 
Elating solvent B (for gradient elution) : 0.05 N TEAA 

4 0% CH3CN 

Column: "'SEP-PAK C18" (trade name), 6 x 250 mm 
10 Elution rate: 1-0 mL/min 

Temperature : 4 0*C 
Detection : 254 nrti 
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CI Ommx 1 Omm) (^S4mL) 5 0 0 L O^g^jiS C2M 
NaCl. 2 0 0mM Tris-HCl : p H = 7 . 2 ) ^^iHL^ 4 6 0 // L 

BaR^7K«r?^JllL'mJ$l'5t„ -e-dfr. 8. 0 L0:$:^9^©^^7°P-y (1 0 

CS{J3@^S« : 5 8 1 n m C 8 n mifl) ) ^ m'^'^itiA^ : 6 0 3 n m 
C8 nmiH) ^ oi'iT-, 1 6 0 nMSgCOTO^^^?^ 3 2 , Q ixh^maL-. 

(/X*J> t'- 3 > 0^ft-^> ^1 5^^jtM|t1-«> : Nature 

Biotechnology. Um. 303-308-^- v". 1998^^) , ii\t.:lf^m<^mkm'^ 

[0 16 0] 
[0 16 13 

-^BKU/Co -tb-CHi&fi^'Jl i:I^=(il-::^a-:7''i: tT{4> -f^ 4^ U U 3^? 
^ KO 5 '^^ffi ij ^M^Jcm^fe-a^T e X a s Red =^mm ^ S > 
6feC6DOH^tC^'a:>^^r-%gD a b c y 1 ^^fSsL^, U-C. m 
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CO 1 6 23 

C||»J 3i:l^l:) {rSOO/zlOhU ( 2 M N a C U 

2 0 0mM Tris-HCUpH7. 2 ) ^^JD U^o 1 4 6 0 ^ 1 

8. 0;:^ ISSJnU, aKJ^L'^ (rn-ycD^SI^ : 4 0 nM) = 3 5X{:l'KiaU 
T:^»J;e*tf-o)t : 5 8 1 nms :^5fe : 6 0 3 nm. 7. U v MPI : 

Snm (M^i^) ) . o(,^-C. 1 0 MM0^6*)T^=i-^-> 'J 'J i'' l^^^ 
K^?£^3 2. 0;z 1 ^^IJQL. gSJ^L^ (^S^Jt^^^- i> 'J 'K:^ V =1^^ iJ' 
FO^lSS : 1 6 OnM) „ -eU-C. |tnEi:i5^#T^«J^^S#r^*^^'^fi' 

CO 1 6 33 

I2I^ir^-oStll*^-^o C®g|*^^>t>0H'='*^''i DabcyltTexas Red-r2 
(Texas R e d T^li^ nfc^^<O^S#-^^ 0^^«b U^^-^) A-^e^ 

5o 6#S. 1 6Si<^ma£^i^^>^^'-'^H"^^^^^■■^*-«^^'^- 

— :4i:^oi^j;{±^ DabcylirTexas Re d HOlSi^-^i&J- J; 4^:)tfi 

^n-C i/-1' -tf--> s f?^^ae?Jf::D a b c y 1 i: 

Texas Re d:0<5l#Si$ n/rJi*^. J: 
Texas R e d*-<^^^5i5.Ufc t»tt^o 
CO 1 6 43 
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m^m 5 tm^\^n-7fz. tza l> i^^fe-a^i d a b c y i <DiUM^mM^ e 

^x>f- t-T*SD a b c y 1 ©^iKfi. 4 0 0 -5 0 0 nm{;:*-£*i, ^ife 
^'fea;5<^l^yn"7'jis Da b c y I <J>W3i^i^% <. 5 5 0 nm,fct)5 

#JJw:t^*ar^3fc€,^®J^, DABC YLO|B:7t?^j¥::^:»{i^(I, FRET 

^*). t?a&5f::Da b c y 1 i:^^^mm\%m^ti6t:iA. 3fcJSljgm^^iil*r 
JiSlS^fe^S^femi^fc^^l^i^^nSo F I TCrj:<f:D a b c y 1 ©«f=jSl^jftS© 
m^^tiO-m^^mi^^^. IC^^O^-ftf:: J; tJ^m^f^ISC^ D a b c y I 

F R E T J: 5 ^7t:?g3^;*<:^lfI5^<& c^^-STt*, FRET 0:^it7^^;6^ ^. CD^^ 

^lfiE(rigm^^K){CJ:«^:3fe^g3fe?Sm*•«D a b c y ] ©r^-^^^-T smiJfc'fe^T 
(2) Da b c y 1 iDM*^?.;*:^ <^ti;t^;gc?5^:ife*^-r-&^:7fe'a 
C3) ^^^•r')m(D^^^m'^W^^it:ii> J: <£ 

m3fc?8^?^3^;fi-«J:*)^::*?^-rt^ci:^{c) . D a b c y I t0^|^-m^®5^t^:S 

10 18 53 
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CO 1 6 6] 

-fS:^^X^JS.LfZn (1) 5'Afflino-Modifier CB4-y h (Glen ResearchttIS, 
H) ^-Mt^Sl^^i&O^^^tJ f=s Ainino-Modifier C6 dTCGlen Researches!. 
«-Ml^^:&^flT. Texas Red*:/' 7*1^ fl^lfpL/^io (2) 5'Aniino-irodifier 
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it. Dahcyl dTCGlen ResearchtfJSi. ^S) ^^^^^^^ UmmMm^r^mAl^^^o 
^x>^^- (Dabcyl) t^^^M (Texas Red) ^fffi^Ko^m©!^ 

^<Dtnmr^. Texas RedirDABCYLt OiS^fScDSilSId^ 6i^^. 1 6^<^<i:#»:: 
CO 1 6 71 



5P^. (3 ' )CCGCTCACGC ATC(5 ' )0^^m^ij*^1-Sl^m:^n ^7^©IS®i^i^^T 
to 1 8 83 

^lSi>':fu^f<Dmm ; (3 ' )CCGCTCACGC ATCC5 ' )CD^SE3?»J«: fe-:^^ V =f^^ 

^yN'i-ih (Midland Certified Reagent Companys *:S) i-^MAl^tZo S 
r. (Jiolecular Probes) ^tr^^y^^' ,j - ^j. - ^ .y 

r(FluoReporter Kit)F-6082 Cf^r'H^F L«:^a S 

(BODIPy FL propionic acid succinimidyl ester) ©ftfeJ-. ^^^fc^^^ 

-r S ^ 7* - F L I- ^ ^ ^ ^ ^ " ^ ^ ^ ^ * 
CO 1 6 93 



— 68 — 
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NagCOjSl^^SJ (pH9. 0) iZ^ML^. ^^^i^l^^-NAP-ZB;?? 7 A C7r>'Uv 
'>Ttt^) TyyU^iiS^tfi/^x ^m^Z^m^'^^Lti. H»=iE+@HPLCCB gradient : 
15-659^, 2 5^1^) *Je4TO^^^-C^Tr>fc„ -5- LT, ^ffi-TS^ > tf - 

2inMJ: »3 2 3 %OJK^'r^^:^P-3^*^4^o 
CO 1 7 03 

V ^I'^ > h A : Q. 05N TEAA 555 CH3CN 

V > h B (^5 v'i h (gradient)ffl) : 0. 05N TEAA 

40K CH3CN 

* r A : CAPCEL PAK C18 ; Bx250nini 

: 40'C 
^tfetB : 2b4m 
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Example 9 

Using a 200-inL Erlenmeyer flask which had been sterilised 
and which contained sterilized nutrient broth (NB) {50 luL; 
product of Difco; composition: MB/ 0*08 g/100 laL) , Escherichia 
5 coii JM109 was cultured overnight at 31°C under shaking. To the 
culture, an equivalent amount of 99.7% ethanol was then added* 
r:i A 2-mL aliquot of the ethanol-added culture was centrifuged in 
m a 2 • O-mL Eppendorf centrifuge tube, whereby cells were obtained, 
u The cells were washed once with 30 mM phosphate buffer {sodium 
iS salt) (100 fxhf pH 7.2). The cells were suspended in the 

phosphate buffer (ICO uL) which contained 130 mM NaCl • The 
Suspension was ultrasonicated for 40 minutes under ice cooling 
(output: 33 W, oscillating frequency: 20 kHz, oscillation 
method: 0 . 5-second oscillation, followed by a 0 . 5-second pause) , 
15 whereby a homogenate was prepared. 

After the homogenate was centrifuged, the supernatant was 
collected and was then transferred into a cell of a f luorimeter . 
The cell with the supernatant placed therein was controlled at 
36*C A solution of the above-^described nucleic acid probe, 
20 said solution having had been controlled to 36*C beforehand, 
was added to the supernatant to give a final concentration of 
5 nM. While controlling at 36^:, colx 16S rRNA and the nucleic 
acid probe were hybridized for 90 minutes. Intensity of 
fluorescence emission from the fluorescent dye was then 
25 measured by the f luorimeter . 
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As the intensity of fluorescence eiaission from the 
fluorescent dye before the hybridization, a value measured by 
using 30 mM phosphate buffer (sodium salt) , which contained 130 
mM NaCl, (pH; 7.2) instead of the above-described supernatant 
was adopted* Intensity of fluorescence ernission was measured 
by changing the ratio of the amount of the nucleic probe to the 
amount of the supernatant (exciting light: 503 nm; measured 
fluorescence color: 512 nm) . The results are shown in FIG. 7, 
As is appreciated from FIG. 1 ^ the intensity o£ fluorescence 
emission from the fluorescent dye decreased as the ratio of the 
amount of the supernatant increased. Namely^ it is understood 
that in the present invention, the magnitude of a decrease in 
fluorescence emission from a fluorescent dye becomes greater 
in proportion to the amount of a target nucleic acid to which 
a nucleic acid probe hybridizes - 
Example 10 

Preparation of nucleic acid -probe 

An oligonucleotide/ which was to be hybridized to 23S rRNA 
of Escherichia coli JM109, had a base sequence of 
C5' )CCCACATCGTTTTGTCTGGG(3' ) and contained -(CHjl^-NHj bonded 
to the OH group on the carbon atom at the 3' position of the 
5'' end nucleotide of the oligonucleotide, was purchased from 
Midland Certified Reagent Company, U. S . A, as in Example 8 . From 
Molecular Probes, Inc., ''FluoroReporter Kit F-6082" (trade 
name) was also purchased as In Example 8, which contained not 
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only ^^BODIPY FL" propicnic acid succinimidyl ester but also a 
reagent for conjugating the compound to the amina derivative 
of the oligonucleotide. The kit was caused to act on the 
above-purchased oligonucleotide , whereby a nucleic acid probe 
labeled with ''''BODIPY FL" was synthesized. The synthesized 
product so obtained was purified as in Exainple 8, whereby the 
nucleic acid probe labeled with ^^BODIPY FL" was obtained with 
a yield of 25% as calculated relative to 2 mM of the starting 
oligonucleotide . 
Example 11 

With Escherichia, coli JM109 cells obtained in Example 9/ 
cells of Pseudomonaa paucimobilds (now called ^'^ Sphingomonas 
paucimobilis) 421Y (FERM P-5122>, said cells having have been 
obtained using the same culture medium and cultivation 
conditions as in Example 9^ were mixed at the same concentration 
as -Esc/ieric?3l5 coli JM109 in terms of OD660 value, whereby a 
co-cultivation system of the microorganisms was prepared. 
From the resulting mixed system in which the cell concentration 
of Escherichia coli JM109 was the same as that in Example 9, 
a homogenate was prepared in the same manner as in Example 9. 
An experiment was conducted in a similar manner as in Example 
9 except that the nucleic acid probe prepared in Example 10 was 
used^ 543 nm exciting light was used, and 569 nm fluorescence 
was measured. The results were similar to those obtained in 
Example 9 . 
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Example 12 

The base selectivity of a target nucleic acid in the 
quenching phenomenon fluorescence, that is, the base 
selectivity according to the present invention was investigated. 
Ten kinds of synthetic target deoxyribooligonucleotides (30 
mer; poly a to poly j)^ which will be described subsequently 
herein, were prepared by a DNA synthesizer, ^''ABI394" (trade 
name? manufactured by Perkin-Elmer Corp.) 

Also prepared were the below-described probes according 
to the present invention, which were labeled with ^^BODIPY FL" 
at the 5' ends of deoxyribooligonucleotides corresponding to the 
above-described synthetic deoxyribooligonucleotides (target 
genes or target nucleic acids) ^ respectively. 

Primer deoxyribooligonucleotides/ which corresponded to 
the above-described synthetic deoxyribooligonucleotides and 

contained -{CH2)e"NH:2 bonded to the phosphate groups at the 
5' ends of the primer deoxyribooligonucleotides, were purchased 
from Midland Certified Reagent Company. From Molecular Probes, 
Inct, ^^FluoroReporter Kit F-6082" {trade name) was also 
purchased, which contained not only ^^BODIPY FL" propionic acid 
succinimidyl eater but also a reagent for conjugating the 
compound to the amine derivative of the 

deoxyribooligonucleotide - The kit was caused to act on the 
above-purchased primer deoxyribooligonucleotides, whereby 
invention nucleic acid probes labeled with ^^BODIPY Fh" {probes 
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a, ±r <5f h) were synthesized. An investigation was 

made under the beLcw-described conditions to determine how much 
the fluorescence emission from the fluorescent dye would 
decrease when the probes were caused to hybridize to their 
corresponding synthetic deocyribooligonucleotides, and the 
specificity of the invention probes was studisd. 
Fundamentally, purification was conducted irx a similar manner 
as in Example 8, 



Name 




Taraet deoxvribooliaonucleotide 


poly 


a 


5 ' ATATATATTTTTTTTGTTTTTTTTTTTTTT3 ' 


poly 


b 


5' ATATATATTTTTTTTTGTTTTTTTTTTTTT3' 


poly 


c 


5 ' ATATATATTTTTTTTTTGTTTTTTTTTTTT3 ' 


poly 


d 


5 ' ATATATATTTTTTTTTTTGTTTTTTTTTTT3 ' 


poly 


a 


5 ' ATATATATTTTTTTTTTTTGTTTTTTTTTT3 ' 


poly 


f 


5 ' ATATATATTTTTTTTCTTTTTTTTTTTTTT3 ' 


poly 


g 


5 ' ATATATATTTTTTTTTCTTTTTTTTTTTTT3 ' 


poly 


h 


5 ' ATATATATTTTTTTTTTCTTTTTTTTTTTT3 ' 


poly 


1 


5 ' ATATATATTTTTTTTTTTCTTTTTTTTTTT3 ' 


poly 


j 


5 ' ATATATATTTTTTTTTTTTCTTTTTTTTTT3 ' 
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Name 




Invention orobe 






Probe 


a 


3 ' T ATATATAAAAAAAACAA5 ' 


-BODIPY 


FL/C6 


Probe 


b 


3 ' TATATATAAAAAAAAACA5 ' 


"DODIPY 


FL/CS 


Probe 


c 


3 ' TATATATAAAAAAAAAAC5 ' 


-BODIPY 


FL/C6 


5 Probe 


d 


3 ' T ATATATAAAAAAAAAAA5 ' 


-BODIPY 


FL/C6 


Probe 


f 


3 ' TATATAT AAAAAAAAGAA5 ' 


-BODIPY 


FL/C6 


Probe 


g 


3 ' T ATATATAAAAAAAAAGA5 ' 


-BODIPY 


FL/C6 


;=H Probe 


h 


3 ' T AT ATATAAAAAAAAAAG5 ' 


-BODIPY 


FL/C6 


(1) Components 


of hybridization mixture 







IK) Synthetic DNA 320 nM (final concentration) 

□ Nucleic acid probe 60 nM (final concentration) 

rll KaCl 50 nM (final concentration) 

Q MgClj 1 (final concentration) 

Tris-HCl buffer (pH 7.2} 100 nM (final concentration) 
15 "'MiliQ'' purified water 1,6992 mh 

Final whole volume 2.0000 mL 

(2) Hybridization temperature: 51X: 

(3) Measuring conditions 

Exciting light: 503 nm 

20 Measured fluorescence color: 512 nm 
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Table 2 



Nucleic acid probe 


Targei: nucleic acid 


Decrease in 
Fluorescence 


a. 




-10 


D 




2 


C 


c 


75 




d 


4S 


d 


e 


18 


f 


f 


-8 


g 


g 


-2 


h 


h 


70 


d 


r 


-6 


d 


j 


-5 



Th6 results are shown in Table 2. As is appreciated from 
Table 2, it is preferred to design the base sequence of a nucleic 
acid probe labeled with a fluorescent dye such that^ when the 
nucleic acid probe hybridizes to a target DNA 
(deoxyribooligonucleotide) , at least one G (guanine) base 
exists in the base sequence of the target DNA at a position 1 
to 3 baaes apart from an end base portion where the probe and 
the target DNA are hybridized with each other. From Table 2, 
it is also understood to be desired to design the baa sequence 
of a nucleic acid probe label d with a fluorescent dye such that^ 
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when the nucleic acid probe is hybridized with a target DNA, 
base pairs in the nucleic acid hybrid complex form at least one 
G (guanine) and C (cytokine] pair at the end portion. 
Example 13 

5 Target nucleic acids and invention nucleic acid probes 

of the below-described base sequences were prepared. In a 
=f similar manner as in the preceding Example, an investigation 
if was made about effects of the number of G(s) in each target 
' nucleic acid and the number of G(s) in its corresponding 





invention nucleic 
Name 


acid probe. 

Tarqet deoxvribooliCTonucleotide 




poly 


k 


5 ' TATATATATATTTTTGGGGG3 ' 




poly 


1 


5 ' TATATATATATTTTTTGGGG3 ' 




poly 


m 


5 ' TATATATATTTTTTTTTGGG3 ' 


15 


poly 


n 


5 ' TATATATATTTTTTTTTTGG3 ' 




poly 


o 


5' TATATATATTTTTTTTTTTG3 ' 




poly 


P 


5' TATATATATATTTTTCCCCC3' 




poly 


q 


5' TATATATATATTTTTTCCCC3' 




poly 


r 


5 ' T ATATATATTTTTTTTTCCC3 ' 


20 


poly 


s 


5' TATATATATTTTTTTTTTCC3 ' 




poly 


t 


5' TATATATATTTTTTTTTTTC3' 




poly 


u 


5' TATATATATTTTTTTTTTTT3' 
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5 



Name 




Invention i^robe 






probe 


k 


3' ATATATATATAAAAACCCCC5 ' 


-BODTPY 


FL/C6 


probe 


1 


3 ' ATATAT AT AT AAAAAACCCC 5 ' 


-BODIPy 


FL/C6 


probe 


m 


3 ' ATATATATATAAAAAAACCC5 ' 


-BODIPy 


FL/C6 


probe 


n 


3 ' ATATATATATAAAAAAAACC5 ' 


-BODTPy 


FL/C6 


probe 


o 


3 ' ATATATATATAAAAAAAAAC5 ' 


-BODIPY 


FL/C6 


pxoije 


P 


3 ' ATATATATATAAAAAGGGGG5 ' 


-BODIPY 


FL/C6 


probe 


q 


3 ' ATATATATATAAAAAAGGGG5 ' 


-BODIPY 


FL/C6 


probe 


r 


3 ' ATATATATATAAAAAAAGGG5 ' 


• -BODIPY 


FL/C6 


probe 


s 


3 ' ATATATATATAAAAAAAAGG5 ' 


'-BODIPY 


FL/C6 


probe 


t 


3 ' ATATATATATAAAAAAAAAG5 ' 


-BODIPY 


FL/C6 


probe 


u 


3' ATATATATATAAAAAAAAAA5' 


' -BODIPY 


FL/C6 
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Table 3 



Nucleic acid probe 


Target nucleic acid 


Decrease In 
Fluorescence 
intensity (%) 


k 


k 


93 


1 


1 


92 


m 


m 


94 


n 


n 


92 


o 


o 


87 


P 


P 


61 


q 


q 


68 


r 


r 


69 


s 


s 


75 


t 


t 


73 


u 


u 


2 



As is appreciated front Table 3, neither the number of G(s) 
in a target nucleic acid nor the number of G(s) in an invention 
probe subatantia-liy affects a decrease in fluorescence 
intensity. 
Example 14 

Target nucleic acids and invention nucleic acid probes 
of the below-described base sequences were prepared in a similar 
manner as described above. The invention nucleic acid probes 
in this Example were each labeled at the 5' end portion of 
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oligonucleotide with ^^BODIPY FL/C6". In a similar manner as 
in the preceding Example, an investigation was made about 
effects of the kind of bases in each target nucleic acid and 
the kind of bases in its corresponding invention nucleic acid 
probe • 

^an\e Target deoxyribooliao nucleotide 

poly W S'CCCCCCTTTTTTTTTTTTS' 
poly X 5 ' GGGGGGAAAAAAAAAAAA3 

poly y 5'TTTTTTCCCCCCCCCCCC3^ 
poly Z 5 ' AAAAAAGGGGGGGGGGGG3 ' 

Name Invention probe 

probe w BODIPy FL/C€-5'AAAAAAAAAGGGGGG3' 

probe X BODIPY FL/C6-3' TTTTTTTTTCCCCCC3^ 

probe y BODIPY FL/C6-3' GGGGGGGGGAAAAAA3' 

probe 2 BODIPY FL/C6-5' CCCCCCCCCTTTTTT3' 



CD ^ 

o ^ 

^ § 2 
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cn 
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CD 
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00 
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o 



Q 

rH 
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AS is appreciated from Table 4 and the preceding Example, 
a substantial decrease takes place in fluorescence intensity 
( i ) when an end of an invention probe labeled with a fluorescent 
dye is composed of C and hybridization of a target nucleic acid 
forms a G-C pair, or ( ii) when an end of an invention probe labeled 
with a fluorescent dye is composed of a base other than C and 
at least one G exists on a side closer to the 3 'end of a target 
nucleic acid than a base pair formed of a base at a location 
where the invention probe is labeled with the fluorescent dye 
and a base of the target nucleic acid. 
Example 15 

Concerning the kinds of dyes usable for labeling nucleic 
acid probes of the present invention, an investigation was made 
in a similar manner as in the preceding Examples. As an 
invention probe, the probe z of Example 14 was used. As a target 
nucleic acid, on the other hand, the oligonucleotide z of 
Example 14 was employed. 

The results are shown in Table 5 . As is readily envisaged 
from this table, illustrative fluorescent dyes suitable for use 
in the present invention can include FITC, ^^BODIPY FL", "BODIPY 
FL/C3", ^^BODIPY FC/C6", 6-joe, and TMR. 
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Table 5 



Fluorescent dye 


Decrease in fluorescence intensity (%) 


FITC 


90 


"BODIPY FL" 


95 


«BODIPY FL/C3" 


98 


^"'BODIPY FL/C6" 


97 


6~joe 


75 


1 TMR 


93 



Incidentally, th« decreases <%) in fluorescence 
intensity were calculated in a similar manner as in Example 14. 
Example 16 [Experiment, on effects of heat treatment of target 

nucleic acid {16S rRNA) ] 
Pr-eparati ^n o£ inv*>ntlon nuclnlc acid probe 

An oligonucleotide was purchased from Midland Certified 
Reagent Company, U.S.A. as in Example 8, The oligonucleotide 
had a base sequence of ( 5 H CATCCCCACC TTCCT CCGAG TTGACCCCGG 
CAGTC(3') (35 base pairs) hybridizable specifically to the 16S 
rRNA base sequence of KYM-7 strain, said base sequence being 
equivalent to the base sequence ranging from the 115 6*** base 
to the 1190*'' base of the 16S rRNA of Escherichia coli JM109, 
contained deoxyribonucleotides at the 1" to IS^"^ bases and the 
25'" to 35''^- bases, respectively, and a methyl -modified 
ribooligonucleotide at the l?^"^ to 24--*' bases, said methyl- 
modified ribooligonucleotide being modified with a methyl group 
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[modified with an ether bond) at the OH group on the carbon atom 
at the 2 'position, and was modified with - CCH2) 7-NH2 at the OH 
group of the phosphate group at the 5 'end. On the other hand, 
2-O-Me-oligonucleotide for use in the 2-0-Me probe (a probe 
5 formed of a 2-0-Me-oligonucleotlde will be simply called 

«2-o-Me probe") was obtained from GENSET SA, Paris, France by 
O relying upon their custom DNA synthesis services. 
W From Molecular Probes, Inc. , "FluoroReporter Kit F-6082" 

(trade name) was also purchased, which contained not only 
* ttp "BODIPY FL/C6" propionic acid succinimidyi ester but also a 
reagent for conjugating the compound to the amine derivative 
of the oligonucleotide. The kit was caused to act on the above 
'^j oligonucleotide, whereby a nucleic acid probe labeled with 
M "BODIPY FL/C6" was synthesized. The synthesized product so 
15 obtained was purified as in Example 8, whereby the nucleic acid 
probe according to the present invention labeled with "BODIPY 
FL/C6" was obtained with a yield of 23% as calculated relative 
to 2 mM of the starting oligonucleotide. This probe was named 
**35-nucleotides-chained 2-0-Me probe". 
20 Using a DNA synthesizer, an oligoribonucleotide having 

a base sequence of (5' ) TCCTTTGAGT TCCCGGCCGG A (3') was 
synthesized as in the above to provide it as a forward-type 
hepter probe. On the other hand, an oligoriboxynucieotide 
having a base sequence of (5' ) CCCTGGTCGT AAGGGCCATG ATGACTTGAC 
25 GT(3' ) was synthesized by using a DNA synthesizer, in a similar 
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manner as described above to provide it as a backward-type, in 
other words, reverse-type helper probe. 

The 35-nucleotide3-chained 2-0-Me probe, the forward- 
type helper probe and the reverse-type helper probe were 
dissolved in buffer of the below-described composition such 
that their concentrations reached 25 nM, respectively, and the 
solution so obtained was heated at TS^C (probe solution) . 

The above-described 16S rRNA was subjected to heat 
treatment at 95t; for 5 minutes, and was then added to the probe 
solution which had been maintained under the below-described 
reaction conditions. By a fluorescence measuring instrument 
"Perkin-Elmer LS-50B" (trade name> , the intensity of 
fluorescence was measured. The results are shown in FIG. 8. 
Incidentally, data obtained by using 16S rRNA which was not 
subjected to the above-described heat treatment are plotted as 
a control. It is understood from FIG. 8 that substantial 
decreases in fluorescence intensity took place in the 
experimental group subjected to heat treatment. These results 
indicate that heat treatment of 16S rRNA at 95t: induces 
stronger hybridization with the probe according to the present 

invention . 

Reaction • conditions : 

16S rRNA: 10,0 nm 

Probe: 23 nM, each 

Buffer: 100 mM succinic acid, 125 mM 
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lithium hydroxide^ 8-5%lithiirm 
dodecylsulf ita, pH 5*1 
Temperature: 75*C 
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CO 2 0 13 

1) 3 5^26M2-o-Me7'n-7' ; '|inSll»J 1 6 l^^n 

2) 3 5JliSiiDNAya-7' : ItTlB 1) ® 3 5^^M2-o-Me>^n -T'tl^ 

3) 17 ig^M2-0-llIe7" n - 7' : fri2 1) ® 3 5 ^ai^Z-O-Me^ d - 7* i |^ 

4) 1 7igS0DNA7'P-7': fr3a2) © 3 3 j^3S«tDNAyp-7'i|^ 
to 2 0 23 

g{.N,;u,s-_yp_7'Ocf3^8ig3£:e- (5' 5!ciS}7)^^§fc;tr9iS^~ 1 6*^:^) ■ 

7) 7:*- "7- KS!lDNA^;Ws*--rn-y : lijiaiga^J 1 6 <D - K 

8) ';/^'-XliDNA'^.y^/^°-7"^-7' : lirlH fJjlBHWJ 1 6 O V ^<- 
9)35 ^}z{^j7t'^i^ l^^^ : C5 ' )CATCCCCACC TTCCTCCGAG TTGA 

CCCCGG CACTCC3 ' ) t£ Sig^HE^fJ^- S ;^ 'J d' "fC ^ U K, 
10)17 jg^M^ y :r »; ? ^' 1^^ ^ K : (5 ' )CCTTCCTCCC AGTTGAC(3 ' ) 
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fi z mMmm^^-r >j =f u ? ^ ^. 9^ Ko 

[0 2 0 3} 

leSrRNA: lOnM 
Zfu-ZT: 25nH 

8. 5 96 D A Kf-> -'I'-tJ-^t' 7 T-f pH 5. 1 

• 3 : 7 5°C 

' 1 7ia^^2-0-Me7'o-:/ : 70'€ 
' 3 SiS^^DNAT'p-:/ : 7 

• l '7:^^iK3tU =1^'; xK3?^ U;*-^ KDNA-::^a-r : 6 Q-t: 
to 2 0 43 

^Ife^. ig 9 A : 

HP(M)+: ISSrRNA, 3 SJglii^DNAT'D- A 7 "7 - Ki!l2- 

0-Me ^;W-?-7'a — U /N'-xSlZ-O-Me-^/U^-?— T^D-T's 
HP(D)+ : 1 6 S rRNA, 3 5^i^DN Al^n-y. 7:^7- KDNA 

^jw^ -•fu-y\ i; > < - ;;^MD N A-n^U/'?- r:'" p - T'^ 
HP-:16SrRNA, 3 SmS^MDNAyD-T-. 
Ref. C*fR^) : 3 5JKSmDNA;ry d'U'i^?^' l':^^ h\ 3 5^2im 
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CO 2 0 5] 

^mh^ 9 B : 

HP(IO+ : 1 6 S rRNA. 3 5Jtg^^t2-0-Meyn-ys y^-rj- KM2-0 
HP(D)+ : leSrRNA. 3 51S^^2-0-He>^a-7'> 7*7- 

HP- : 1 6 S r RN A, 3 5 Jg^M2-0-Meyn-7'. 

Ref. WM) : 3 5 JgSSM D N A ;f U =f 'J sJ^-? iJ' L/:*-^ K> 3 5^1111 

CO 2 0 63 

EI 9 C : 

HP+(M) : leSrRNA, 1 Ti^^^DN A^O"7*^ 7*9-KS!2-0- 

HP+CD) : 1 6 S r RNA. 1 7 ^SStD N A :/'P - 7'> 7 * y KM 
DNA^;W''-:/n-:/N U />*-y^MDN A^;w-«--/d-7's 
HP- : 1 6 S r RNA. 1 7^^SaDNA:^D--7'x 

Ref. m^S) : 1 7iga£SgDN A:*- U ^'U -^^^ 1 Jtgl^il^ 

CO 2 0 73 
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08 D : 

HP+CM) : 1 6 S rRNA. 1 7:^i|&2-0-MerD-7'. y :i- k; - KM2-0- 

HP+(D) : leSrRNA. 1 7:^^M2-0-He7'p-7'. 7:r':'-K^DNA 

HP- J 1 6 S r RNA. 1 7JfcgS^-0-Me:f a-y. 
Ref. <3l*fiS) : 1 7lt^/|gD N A^j" U =r 'j rKpt l^J^"^ Ks I 7 
2-0-Me:7°u-:/o 

to 2 0 83 

8 (r RNA2lll^0/i4i>O^aiSa®f^5S) 
1lrlarRNA«'> 0. 1 ~ 1 0 nMOfBHcS^^^njSKt-^H^X. 9 S^C 

/to ^ffi^^^mi OlC^LfZo m^^^MMliO. 1 - 1 Onl^^C:telr^7:iti6a'S 

3 5 m&m-O-Vie -fu-- -Xh 1. 0'-25nM 

Wm^' lOOmM n/N^S^, 125idM 7j<m>ftU ^-f A, 

8. 5% 'J ^^••j^A K^^'/Hf;i/7r-< hs pH 5. 1 
StSM: 7 5'C 

[0 2 0 93 

Hilfe^nj 1 9 (fish:^}*) 

■te^l'P^:^^ (Cellulomonas)sp.KYM-7CFERM P-11339)^^zyfT j/n 5^ y i? A 
(Agrobacterium) sp. KYM-8(FERM P-18806)£OiS^* CD r R N A IC^nW :/ U ^•l' Xi" 
^TwiOi^Wn<a 3 5X« 3 ei^SiS^ii- 'J =f-r7r-^-> >; U::*"?" K 2-o-Me 
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CO 2 1 0] 

(5')CATCCCCACC TTCCTCCCAGJTTGACCCCGG CAGTCO*) CT ^ •< Vfpi^AV ^ 

C5')CATCCCCACC TTCCTC TCGG CTTATC ACCG GCAGTCC3') CT>^^-^-< 
CO 2 1 13 

€,A^e>. rRNA^RNeasy HaxikitCQIAGENtt) ;&^^^T89Slibfco ^^rRNA 

1 0 0 GM^St£:*^3^c^^ ®5te5«LK*--"-^>^^l'-^- L S - 5 0 B*1£^ l> 
TfiiJISl.^. ^cDS^m^iai lir^^o^;:, f^Q> ^ r R N Aii >; ^i-:^' V - > 
CRiboCreen) total RMA Quantification Kit (^*t« : * U ^ ^ 7 - - 
rCmolecular probes). eJf^EifeiS : Eugene. Oregon, USA) «r^(,^TiaiJ^ L/=o 

fc. ^®;^OrRNAO#ft-S{i^rRNA<h-SfeU/;i. :L<D:it\t. 
CO 2 1 2] 

.*&^m5ft(g/l) : 10-0 ; r::^^^^^>m. O.l; K,HPO. 5. 0;KH,PO. 2. 

0;Mg$O*-7fl:O ,0.2;NaC1.0.1; (NH«),SO.:0. 1. 
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1 5 0 rpm-z-mW^mi^ti, 
CO 2 1 S3 

lOnM 

lOOmM =1^^::^^, 125inM 7jc^^fc 'J ^ A ^ 
l&jmm : 75'C 



ro 2 1 43 

:rn-ya) , b) #t»cAiDiiio-Modifler C6 dC (Glen Research^JdJi) *^<.^'CT 
? y y >t,-^:fii-ym^mizm?<Viz^. ZOiTlJ U >;^7-f:B0DlPY FL^ 

^^«fsbT<,^*<, BODiPY fh^mm. mws^^^t. m^n^'^^^o 

yp-T'a) 5' C(-BODIPY FDTTTTTTTTTCCCCCCCCC 3' 
T'o-T'b) 5" TTTC(-B0D1PY FL)TTTTTTCCCCCCCCC 3' 
T'p-ra) 0^fi*)^BftC) 5' GGGGGGGGAAAAAAAAAG 3' 
7"D-rb) ©liM^^d) 5' GGGGGGGGAAAAAAGAAA 3' 
CO 2 1 43 

b) CD^t:^cfcOs 5' 5fcffi^^t^{i3' ^I^^JK^ODNAMl^Ov- h v'>±^S^- 
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[0 2 1 63 

^6 SI»J2 0cD^:^ 







>^>>f :/'J ^''-f -J^— 'Vb 


«3t?B^t3P (96) 


c) 


410 


75 


81.7 


d) 


380 


82 


78.4 



[0 2 17] 

•To 

^^fl2 1 

-tr^->s >^a«»i^ Ztu—ftWM^^i zfjii^l':^^ h't(Dm<D±m^n (base 
-pairs) *<i0096-^y'J:$^^X-C**40'CC®^L/::c:/a^ 7"^ t/^fi^:^ 

=f 5r ^ K0«s, ^»J^^^v :^My^^#s mmi^ 

to 2 1 83 
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tT" n - r : 3 ' TnTTTTTGGGGG(rGGC5 ' BODIPY FL/C6 
m&^^ ';=r^:^L/2hf^KNo. 1:5' AAAAAAAACCCCCCCCA3 ' 
mff:}^ y i7 V^i--^ KN o. 2 : 5'AAAAAAAACCCCCCCCC3' 
m^^V ^ l^y^^ h'N o. 3 : 5'AAAAAAAACCCCCCCCI3' 
( I : hypoxanthine) 

=f5< b;*-^ KNo. 4 : 5'AAAAAAAACCCCCCCCG3' 

CO 2 1 9] 
CO 2 2 01 





™m:3fe5*j£ (A) 




CA-B) 


/B 






^CD^^fe^^ (B) 






No. 1 


3 4 0 


3 5 0 


- 0. 


0 3 


No. 2 


3 3 2 


3 2 8 


0. 


0 1 


No. 3 


3 4 3 


3 3 6 


0. 


0 2 


No. 4 


3 4 5 


5 2 


0. 


8 4 



CO 2 2 1 3 

=^ISP^{r*,n>-C> mtl^i^m (^;i{fJi15^9«j3*-'; =f?i> U:tf=- KNo. 1 - 

(:J;0^fiEi^^*!iSr'5 t<ix ^4® (A-B) /^B<^3ft-^«t^9o 
^±COf^^^^^ m^mmii^ 2:^m(Digi^. G->A. G^A> C-T. 
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to 2 2 2] 

mmm2 2 

Tl^|^L;t2^IS»J©:7'o~7't?^«3'TmTTTT(«?GGKGGC5'B0D^ FL/C6<0<0 3' 

facD^^lfii:^ a - y^-g-tf D N A ^ «y •7°f^fiJ5^SCMS™417ARRAYER(TAKARA) "C 

^M0*5S*^S-ar;to K?!fv;^'$-0. 2 % S D S^^. tKJw 1 ^ 

g^SEElwata-rJ-^^J^^c, %\'^^^m^WL (7X3 0 OniltcNaBH4l.0g-$:^;6>L5t 
*)0Do ) tw5:9"Sioi^^o 9 5'C®7K<-2^5-:3}i-T*^6. 0. 2 96 S D S 

C 0 J: d »C L-C:*:^9J® D N A ^ T'^-P© l-3tc 
CO 2 2 3] 

?|J|CG (rT:^» h v';^ (C) tf<ii^t£<, thl'^-^^^^^^t^\t^ m. 
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14 3 

^^JCfiDN V >^|?^^®GMS^"4 1 8 T \y - 7,^ ± - (Array 
Scanner) (T AKAR A) UT»lJ^-C$^,o 
CO 2 2 43 

mMm2 3 : :$:^PJ®DNAf^-y —iiS^^ (SNPs) (D^lUmB. 

I ) ^fi*J®^OliSa : Cj^'-i AAAftfiATCTC GGAAGGCCCA GACAGC CAGG ATGTTGGCTT 
AGAAGCAGCC(S')©:^ie^J**5-:3 5r U --J?3? 4' K^s DNA^ 

OTABI394CPerkin Elmertt^. :^H) *ffi^r^T■^SS^L. m^^m^tLtz^ 

I I) 5|^^7^n'-7^<Dp©i : 5' 5^]^s*^^> 1 5Jgag®Ey!i (t> 

ii T-^fiSLfco -tLT. S'-Amino-Modifier C7 CPGC^^l^ > U 7!7^d^#^ 
2 0-2 9 5 7) -S-ffit^T. 3* ^iS&©7':^4-5^U:J?-:^® 3' -feCOHS^T 

= y -ftL^to SJ= 5 • 5i?sgcD >m^^5ija«»j 1 2 iiii^^nc:&3*'T?B o d i p y 

iJi [0 2 2 53 

d Dyp-^riOO (100«vv^) : C5')CCTTCCCACA TCCTTT(3')v 

2) ■fu-y'-T (l^mi T.^-zi') ; C5")CCTTCCCATA TCGTTT(3'). 

3) ::^a-7'-A (li^^S X-^^yf^) : (5')CCTTCCCAAA TCGTTTC3')> 

4) :/n-7'-G (iJ^^SX^-y^) ; (5')CCTTCCCACA TCGTTT(3'). 

5) ^p-^T-.TG (2^£^5 X^->f-) : (5')CCTTCCCTGA TCGTTTC3'), 

6) fu-:f-TGT (3%S5X^v5^) : C5')CCrTCCCTGT TCGTTT(3')> 
[0 2 2 6] 

III)DNAf-"/r®ISaii 
^T®DN A >^a — 0. IM MES(2-Morpholinoethanesulfonlc acid) 

(pH,6.5) fwi^SfUr^ 5OOnM«So^?0E*=L-/::o DN A-^-T ^' nT U'-f •^'-S 
S (DNA^-f nTU'-l' No. 439702^ 3 2 *J J;C/DN AX^-f 

> XNo. 439701 *^ * #S& jt® f-'v-TTP-^-t—TfeS, Greiner^t®) 
^^ir^t:^ DN AT^y 7-< K^^-?;^ (Black silylated slides^Creinertt 

W cD±tr^ BuiE7'a-7'jgj0t^:^'f>v^^ '-/^^ (spotting) b/c, J^'i?^;/ h«*IT 
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{^g/S-ftb^o -eO^x SOmH^TEMlS^ (pH:7.2) JCTiSfe^Lfco -^i^-. ^ 

::^J&x 0. l^SDSCsodiun dodecylsulfate)^?^iCT 1 m^^^. ^®7j<8-T 2 Eift 
y ^L. 7K^^l:^^^'i7i^:^ h U C^AigJ^ (2. Smg-N a BH^/m l - 2 5 96^:?' 

a §n/::;$;^BJO:?°n^':^i^s lieilMiJt^^W ^ U :S^-^ XU^jrt^i: {iBODlPY FL{i 
• Q C 0 2 2 7 ] 

rii iv)SNPso^tb?it!]^ 

?{ 1 0 0 f^Mmmcr^m^^Wtm^ {5 OinKOTEJ^®?^ CpH : 7. 2) ^ffl} * 
JblS<^rt < !C|BML/cDNA^'y7'0±|wO-a-fco j!7^<- ^TS^ V Mfll? 

(AX80M) cD|^^i6}-&{cmim^®BgSDM CMP-IOMH-PG. m^^^.'^ itM.^-:^ 

^Oii^M'li^M^Pf-'r^S mWf^^fX'jy b (TPlab spectrum; Signal 
Analyticsit, Verginia) *<-r > :^ h - H^^^-^ V n > (NEC) ) \ZX%PSrL. 

to 2 2 83 
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HJ® D N A 5^ y :^^i^^t' S C ;h J; SNPs® ji?:t/f d^#^{w-e^ S i: 
CO 2 2 9] 

JilTs ^M^fij 2 4-2 7 iC:^mnoP C R:^^^IS-ro 
^M^J2 4 

^Jit^coyV ADNAiC*J{:f-S 1 6 S r R N AS^e^^-^StJ^^i tT. mm 
CO 2 3 0] 

^ ^ _ 1 (EuSOOR : U fflli^K : (5 ' )CATCGTTTAC GGCGTGCACCS ' ) 

(Perkin ElMer^^^ ^feS) ^^OT^Sfet. Mi^mm^V =t-Tt^i^O '^"7 ^ U 

tic Miw, *U + ^-5-7*n-7'li*^e.:7D:t- h 
(FluoReporter Kits)F'8082 (:4€x tf- F L/C 6 f:t i^^l'J 

(BODIPY PL propionic acid succinimidyl ester) (Dte»^s ^^-ft-n 

tf-F L/C e-C^^L^^/^-r-^-- 1 'ir^^LfZo 
CO 2 3 U 

-^fi5c'^iO*f^ : t^e^t^^-g-fiS^l^^lfc^L^gSf^^^f/ta ^-n^O.SM Na2C0g/NaH 
C03^;Sg?g CpH9. 0) iZt^mLfz. ^^mm^^NAF-2 5:^7^ r }V 
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gradient:! 5 - 6 5 96, 2 S^fS) ^JBiTO^^T^r-^/Co -e bT. 

10 2 3 2] 

il^tB V/U-^^ h A : 0. 05N TEAA BKCHgCN 
^iB V >hB C^^^i^JiVh Ceradient)^ ) : 0. 05N TEAA 

40«CH3CN 

;j T^/^A : CAPCEL PAK C18 ; 8x250inffi 

M ^ffii^S : 1 . 0 ml/min 

" 5^ai : 2 5 4 nm 

I [0 2 3 3] 

mmm 2 5 

3 7°^^ -v- 2 (EuSOOR/forward : * 9- KSl) ©l^ili : (5')CCAGCAGCCG 

CGGTAATACC3 ' )<Z)i^^l£^J^ 0:t ^ i/ «J ? iS* :f J/O 5 ' ^m^^ 

,/ (BODIPY FL/C6) -< 2 ^SrSU&M 2^ i: lU^t:: LTJRip 

CO 2 3 43 

h ';x> h^n:^ (NB) QJif co^stiS) •^f*::^±& 5 m 1 (MfiSc : 
NB.O. OSg/lOOinl) «-&^irS^|gi^*fflt^T, :^flSMJM109*Sfe*3 T'C"^— flfti^M 

Com*>'5>. DNeasy Tissue Kit C^T^> (QIAGEN) Vffl) ^ffit^T 

1 7 n gyfx 1 <DDN A^^^^r^fco 
[0 2 3 5] 
^ififi^J 2 7 
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7^ A (LightCycler™ System) ^Mt'^"C^5*jltKc: P C RSrt^^ff ^ 
CO 2 3 61 

ADNAigJS 3. 5;zl (*^«g^0 - 6 n g/ 2 0 /z 1 ) 



-5 -< V - 1 JtO^/XJ* 2 O^a-^ti-rllll^^^f o 
CO 2 3 73 



CJ^=i e-|&0-2. 4 • 1 O^fi) 
0 . 8 1 (l^glg 0 . 0 8 M) 



T a 

I U Q*(fcd< 



10. 0 j£Z 1 

5. 7 n\ 
2 0. 0/^1 
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TaQ 

Taq DNA ^fiV^ "y—^mi^ 
Taq ^ - h (start) 



9 6.0 Ai 1 

6 8.2 Ml 

2 4.0 ju 1 

3.8 1 



CO 2 3 83 

Taq Taq DNAd?U >^ 7 — lfi&?Sfia •> ' ^^r^ J 7.7-^ y ^ 7. 

;^^^y:5l^®DNA-vX;J'-^N-l':^U r/^f-^-i^ 9 > >^ D - ^ (DNA Master 
Hybridization Probes)^ b © ^><D -e*) So #{CTaq DNA f^ V / 7 
lOxconc. (#1^-^-*- 7") ^ 1 0•^g^:^g•«^UT^l^f;:o Taq ;^ 

if-V\t^ a-^T-';; i??! (US A) J; 0 figjS^ ^-C t^STaq DNA^i? 'J > 7 --tf 
fflcDtn:^*:-Cs cn*St£;^CM-rSC<t-e7 0°C^TT a q DNA'J?';^ 
v--tfCDS^^-*P;l«-<t*'<'^^So *P-&> b ■ (hot start) 

[0 2 3 93 

(denaturation) : 9 5*C^ 12 0^ 



1 0 s fi(l©5^<* 7 5 Ui'io 
[0 2 4 01 



5 710, 5^^ 



1 0^^ 



T— ^'J (annealing) 
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Lfzi^mi 6 S r DNAcD^I^^-^-fo 0 . 9 9 7 3 Tv mJfbX 

So 

CO 2 4 1 ] 

Qmmm2 a 

JA^. ;*:||ife^?!l-CJit^^]^5;:^l%S F R E Tm^^^iJ^-T <S -IMo^n -yoftto 
'Ma) TO^Sfe : Xm®® 1 6 S - r DNA 

S[J •7*'7-K7'-?-l'^- E8F:(5' ) AGACTTTGAT CCTCGCTCAG(3 ' ) 
;-j . ijA-XT^T-r-^-- E1492R:(5')GGTTACCTTG TTACGACTT(3') 
Mc) -l^^l/n-r : BODIPY FL-(5')CGGGCGGTGT GTAC(3')(iILs3'5^<* >Wt 

e) PCR<D^#: 

: 9 10^ (M—m^^^^ 6 OfJ;^^^ 9 5^) 

T^-'}> 1^*SJC& : 5 0 5 # 

Sffi^#SSJEt : 7 2^. 7 Oifeb 
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' CO 2 4 23 

g) KJZM(D1S^: 

DNA jJ? 1; ^ 5 — t'CDg CTaKaRa Ex taq) : 0. 5U 
Taq h(Mm: O.Zul 

■fv-zf(Dm&' 0.05 fin 

BSACbovine serum albuinin)®^: 0.25 mg/ml 
LFl dNTPsSSE: 2.5 mM (#7^^ UsTf" Ktroi,^T). 

lii CO 2 4 33 

p <z)->^>< ^;P3Bcil!{e«ii^m<D:^;JMl 6 S r DN Acd=i tr-liSfc*<JtWUTt^S - t 
CO 2 4 43 

th'y'yADNA (t biS-^ne^ (g I ob I n) CTaKaRa^^n 
i:^©p^## 9 0 6 0) (TaKaRai^^^ttlSi) (JgiT, t: f- -Jr / A D N A 

L ^i: 7 ^ - L fee 

CO 2 4 53 

y'^^r? ~KK38+C ( 'J /<- :^S!) OliUi : (5 ')CTGGTCTCCT TAAACCTGTC TTC 
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CPerkin ElroerttSt. ^M) ^St-^T-^J^Sb. Mfc:^^:t U =f7';t4^>' U l- 

D-7*tt*^^> U y S (FluoReporter Kit)F-6082 C^K-r tf-FL/C6® T'p 

fsf- S i^/l/^x-r/U (BODIPY FL propionic acid succinimidyl 
esters) cD'ftfeJ::^ ^Wi^t^'^Ti- u =f ? KOT i >^#^*{r^'g-S-ar^^ 

[0 2 4 6] 

gradient:15~65X.25^r^) ^OT©^#-^^T^ /=o -&LTs ^t^iT^^^ 

■B.^oyi^^) I^^tf- KJ!l3|s|'2mMJ; »3 5 0 96oiDl^-^#^o 
to 2 4 73 

^mv^U'O N A : 0. 05N TEAA 55SCe,CN 

^tBv;l/'^> h B (j5^5 h (gradient) ffl) : 0. 05N 

TEAA 40O,CN 
* 7 A : CAPCEL PAK C18 ; B X 250mir 
^^T^^ •■ 1. Offil/min 

: 4010 
^tB : 254nm 

CO 2 4 83 
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mmm a o 

r^-^-r-KU29 (:7*7-KM) omM : C5' ) GC-TTGGCCAA 
TCTACTCCCA GG(3') OiaS@e3?lJ^ U =f 7=':r 4^ U -1^' 7 

[0 2 4 9] 

iti^M^m 1 

KM 2 9 ^fflir^S J!ii^H-{4^S^e®^J!I3^ ^ JC^To fco 
to 2 5 0] 



10.0// 1 
5. ^t^l 
20. O/zl 
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m 



153 



CO 2 5 1 3 



Taq j^^lfe 

TaQ DNA > •y-'t? 
Taq :^ 3^ - h 



96.0^1 
68.2/21 
24.0/zl 
3.8^1 



to 2 5 21 

i^^ T a q i§ifts Taq DNA # U ^ ^ --i^SS^Rti a • r?'-!' T ^ ^ >f 

Master Hybridization Probes) +y h'fflt>CDi:fe*o #fwTaq DNA »}? U ^ — 
•l?^$^K(± 1 0 x c o n c . (35tlr-«^+ ^ 1 OfgJlllSRL-CMV^fco Sfcs 
Taq>l:?-hli, iJ' n - :^ -^^ y ^± (USA) ± 'JlS^B^nxt.^STaq DNA 'J 
7 - -tfffl C tl^SJtC^Jwj^JO-r 4::i:T70iC^ TTaq DNA^i? U ^ 5 - 

[0 2 5 31 

1 0, S3jessK»7 5ii®^tfco 

to 2 5 43 
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[0 2 5 51 

SiiT<^Mm Cb) - (j) *3lj!fDU/::o 

( b ) 1 Q-fT-^ i7J\^B <om3t§SSf1fi* lib T^i^ -< ^uom^feStaf^t^^^i- 
Sji^H BfJ^.^ Tie© C!K[2?8] j:*ffd¥^-r«iS@. 

C,= Fn C7 2) /F,o (7 2) CmsKlB:] 
titzL. Cn^^&^-i- ^^;Ufi*5ft'Sa3¥;5^i«^0^^'lii, F„ (7 2) =#-y-'f ^ 
jl^Ol 2X^0^^^^^^ F.o C7 2) = 1 O^'i' i^^Pgo? 2"t;{r*5fj-^#S 

(c) luia (b) cDj;iST'^#t,nfc^^3^'fii*> iJ-'f if^L'^^e^iJcibT. 

[0 2 5 61 

(d) tm (b) ®iagT:»^ti3t^h-y--Y ^;i/CD^^^;*^6Tid<25 C5!^;^9:i 

Fd„ = I o g»o {1 0 0 -C.x 10 0)} 
Fd„ = 2 1 O g:o (1 -C„> 

(e) lirsB cd) oi^m-cn^tifz^mn^'^^ -^-^ ^ j^miom^tLx^ ^7. 

[0 2 5 71 
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(f) hijSE ( d) oia^TMS^ t'- ;^ U -y i /I/ K 
(threshold) h UXcDO. 5 iJt^^L^ ^<D^\zm\--f^^^ ^ i^"^^ 

(g) ItrlS (f) iDjSm?fJ-|!J!tL/cM^Xffi<r, S/£:^J&tfr®3h"-tlfc;&Y||&{i 

(h) luia Cg) OdaS-CfPg5cL/ci?'^7*f'7.yi/-±t::a«^J^U'/X«Ep^^ 

<i) fins ch) oMg•r»^n/cE3t®^B^#sl^tX{iM#^«■ff#TS3S^^ 

(i) mis (i) cOaigtff»snfc*iK^^!IS[X{±Mi^.iC*^^:7'u~-±Jw^^ 
[0 2 5 83 

lEti ? I ^ ^ir ^ T iilT® «fc ^ iCMS t ^ o 

(S2 0fi. ±fa (b) (itriB cc) is^) 

A S 0 

EI2 fltrfa Cd) ©iS^-embitx-rJ'^epi^L^^:: (buIS (e) iflS) t. 
[0 2 5 93 

ii2 2ii. una (f ) oisat!^ab/c7^-^{w-:)^>T^ Buie (g) oisa-c 
f^ssb^;:^7 7'&EP^ufc (TO (h) (Dmm fe®T'*5o ip^> ^^s^iCM 

ii?^= 0 . 5 U' V i/ATjt-;^ K ( t h r e s h o 1 d) ■ecDfiKc^L.fc 
h L/^^'^^-r^S* -CDrv7 0il^®*iM^llft CR2) ^mi Ci) 

[0 2 6 03 
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f n = fhyb, n/fd«n, n C§fe^ 1 !l 

f .on. ™ = #1?--r /I/O 9 5 °C<QMi^^mmi 
CO 2 6 1 3 

CO 2 6 23 

fiP^, TIE® c^^i n ■^iM^mm-rzm^. 

1 o g,o { (1 -F„) X 1 0 0} C^xCl 1] 
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i^^^ F„= m^l 0] Tr#^.n^cM] o 
CO 2 6 3] 

gi24jis lijie (a) (b) coi^m-cmm^nf::m'S:-^^ ^ Ji^m^i^i'-czf 

«j [0 2 6 4] 

M JU^IC, E12 5cor77^S{Cs lulE Cf ) . (g) . SiJ? (h) (Diam-C^iDiS 
S Lfz^ fip*.> |SI2 5 0i^7 7*l£i::i:bie^ife^l i^^tc^ 1 o g.o C^ife^ 

le-ftl^S) U y i'^t'-JU KlSi: LTs C 1^ 0. 3^ 0. 5. 0. 7. 
5 0. 9. 1. 2 -^cDHtfCj^Lfc-y-'f i^/l'SSt^Xffifr, b hyy ADNA 

□ 2 6{c^Ljto wtie>ot^a^fwOi>Tiina Ci) sc/ cj) ©ias-rMsuT 

998. 0. 999> 0. 9993> 0. 9985. 0. 9989^ 0. 
9 9 8 8T'^-5^e cn'?>o^iM^ifc*'»^»^ v'^'*-'-^^ FlUt UtO. 5 

(.mm^^O. 9 9 9 3) ;£:$!l^-r«ci:*<M^bL>::i:*^15^r#fco ^ t^ffi 

CO 2 6 53 
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;| C 0 2 6 6 1 

3 ^ifiM3 1 il^b h h>7y ADNACD 1 =i tf- ^: 1 0 =i fcf-»=ot>Ts mM^^l 
CO 2 6 73 

imm 3 3 

2fs:||B^C0^:Jfe?^5fe7*t3-y : u 4 7 FfeJ^^fE u 1 3 9 2 ROSSIS 

(5-1) ^^tf^^T'n-T'E u 4 7 F®^^ 

C5')CITAACACATGCAAGTCG(3')(I=inosine)©igSBS?iJ«:^":»-r^^-> 'J d^^*" U =f 
>ii}' KCD5' 3te3^©'; TIS«?3jt 9*: LT't-tT^tf-F L7?#,SSL 

Tt^^^^rn-^E u 4 7 F^DNA-g-^^AB I 394 (Perkin 
E 1 me rttHts if^S) -C^SKt^o 

CO 2 6 8] 

(5-2) Eul 392 KO^^ 
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C5')TTCTACACACCCCCCGTCAC3')®^g3lge5»J*fco-T=^^v >J ^t:^ '}Tf5t^ U^i-^ 
CO 2 6 91 

(Midland Certified Reagent Ccjmpany^Jttlll) t-^^MXLfZo ^X^^s.'y — 

'fu — y (Molecular Probes )^i50'' ^>70;^' ^) ■i^ — ^ h (FluoReporter 

Kits)F-6082 (-"f?^ t'- F L fD:/p tf :r V^i^i? v?.'l/J^>t ■t^^I' (BODIPY FL 
propionic acid succinidyl esters)® fib f::^ ^I^'fl2'^'&:r V "^y^ ^ U-tf- K® 

T'^f® L fz7ifm^<^±.^'B.imif:f a - r ^-^jse l fcc 

to 2 7 0] 

-^^(fe^^^a L|£lI«j^^^#fco ^n^O.SM Na;CO,/NaHCO,J^^;^ CpH9. 0) izmM 
[t^!^^^^l>fZo $ fcJS&tBHPLCCB gradient: 15 -'65J6> 2 5 ^is^T®^ 

CO 2 7 1 ] 

mm 7 > h A : 0. 05N TEAA 5CH3CN 

^aiVyt/^y b B (r^i^JL^ h (gradient) ffi) : 0.05N TEAA 40KCHsCN 

V A : CAPCELL PAK C18; 6x250inin 
^iiJiS^ : 1. Oml/min 
: 40"^ 
: 254nin 
CO 2 7 2] 
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mmm s a 

C6 - 1 ) ikm^ J M 1 0 9^3iCD^g| 

1 0 g ; ©Sx^x, 5g;i5<;U3-;;^, 5g; 5 g ; m^7j<s 

1 0 0 OaiL) m^^Xiz^m J Ml 0 9^S^=S:i$3l U/c (^±t&5 OinL/2 5 OiiiL^=J 

mis6/:: (.^'(^^U 1 0, 0 0 0 rpm. 5 S5S?|g7jCT 2 [UzJfeT^) o 
CO 2 7 33 

(6-2) 1 6 S r RN ACD c DNAfflB^Si 

^Ot^. BcaBEST" RNA PCR^ y b C^S^^ffc^^^Jd:) *M(.^, v h ©T'o 
(RT-PCR) i:(ti^Q>m.no^t!rt-^t:.^ luiB^O:2|=3Sg^®^^t?^:)fc 

PL (SCC^ 2 0:^) . 16SrRNAit^^Oi!>6#7S: c DNA^^#;to c DNAS^ 
^OliGreen'ssDNA Quantitation^ y h (Molecular Probes) UTiftrj^ L/ 

CO 2 7 43 

^iSfl^J 3 5 

(7-1) ^SflUPCR. •?'-iJ'ft?t>f*>^?/cDNA©;^S|^®f^5jS 
mtac DNA^^3?*:-:>i'^-r^ 2|s:^B^<Z)^3fc?^:7fc:^R-rE u 4 7 F.«-7;4-7- 
h'T^^-f v-i: LT> Eu 1 3 9 2 R*';^<-X7"v 'J T^UiJ' 

U T;U;i' A^^^* ij >ir^a6«JP C R^gt LTs LightCycler™ Sytem (a 
CO 2 7 53 
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TaKaRaTaq^ 10. 0 C;tilO. SUnits) 

i QM7iC 5. 0 ,u 1 

±^S. 2 0. 0 ;z 1 
fj:Jf5. cDNAIi. gl3 0^?5;aiw^Sn$ll@IE©::'tr-iifC%S^€-^To/::o 
Mg C 1 2fflJgl^S^{^2mMTfe^/;o 
[0 2 7 63 

^'E(denaturation)Sf£:$i!lM : 9 5 'C. 6 Qi^ 

n: 9 6°C. 1 0I^> 

7 U > i^Caimealing)Si;£: : 5 0 °Cs 5 # 

D N A#:SSIc; : 7 2 -C^ 6 0 

®^3fe : 4 8 8 n m 

^fJ^^^fe : 5 3 0 n m 

CO 2 7 73 

f 0 = f hyb. n/ f aan. n " ' " 1 ] 
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^5t-tia. f «. . „, „ = ^"t^ 9 6 '^cbikimm.m 

ro 2 7 8] 

@, fi^£fc^. TI5CD 0] -cifS^^JlM^Sigi^. 

F„= f „/f „ . . * C?iaxS:i 0] 

CO 2 7 93 

(c) tulS (b) ©aiS^-C#<3njtiS>-tJ--r :^;^(Z)a^#^g|f-fe [^^iCS] 

mi 01 

log,o{Cl-F,)xlOO> --■ l^^l 11 

[0 2 8 0] 

^3 0<i. ttrs (a) . (b) > (c) (Di&m-Cfm-^nfzm^. ^^ir}\y^ 
CO 2 8 13 

d^\z^ Qo^Vyy^mit-, }X<^ (d) :iB<l:C>' (e) oiS^-C^ail UTto 

(d) ItrSB Cc) ©j§Sl^iaS$n:tT-'-^'-©I*I> O. 2^XU>y->*^-^l/ 
K (threshhold) ^©'Ulfr^^U/i-'f-r ^' /U^gt-^ff^-r Sii^o 
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(e) mi Cd) ©iia-eft-^LfcM^x#f=. Sf&gfli^liron tf-?^^Y$ifiJi 

Zfu -J h L^i^^7, '^nf:6^:/c^^c DN AO^JIM (El 3 1) ^f^JK^Sia 

tjf::^i5fe^ -t^^ti-^^ (a) s (b) , (c) . (<i) . Ce) o^^a-c^aabA: 

to 2 8 21 

m&m 3 6 

(8-1) ^m?^ (.m^m^mj^:> <^mm. 

(.^ 5 L fz 1 0 ^t^o jSfflMM*5|5'£-l>SMZ(Deutshe Sammlung von 
Mikroorganismen und Zelikulturen GinbH)*> «iKA BUl20 5 8^±tfe^^^,^T 

#«<0^#7KA^■^.M#:^S^67t (.M^C-^Ml 0. 0 0 Orpm. 1 O^y m^7k-^2 

mmm □ ^*©®'(*^rol^-(:^ frietKitiir UTS 0GEN^«y n (^'y4?v 

[0 2 8 3] 
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m.8 





DSMZ No. 


Hhal aifH- 








1 


65 


22 


9.5 


27400 


0.91 


2 


3138T 


43 


10.9 


31400 


1.05 


3 


12778 


52 


9.7 


27900 


0.93 


4 


20530 


104 


9.4 


27100 


0.90 


5 


50108 


168 


10.4 


30000 


1.00 


6 


20152 


332 


9.3 


26800 


0.89 


7 


43879 


404 


9.7 


27900 


0.93 


8 


20579 


432 


9,9 


28500 


0.95 


9 


5078 


531 


10.4 


30000 


1.00 


10 


43673 


626 


10.8 


31100 


1.04 



[0 2 8 43 

l;Paracoccus pantotrophus 
2:Sphingoinonas natatoria 
3:Bdellovibrio stolpli 
4;Microbacteriuin imperiale 
5 : Pseudomonas f luorescens 
6:Agroinyces medislanum 
7:Celluloinonas cellulans 
8:Brevibacterium liq.uefaciens 
9;Leminorella grimontii 
10:Rhodococcus luteus 
[0 2 8 53 
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^©^^ mz<D:kmw<^^^iimmi^iy'^. -en-e'ttoM^ic® i e s r rna 

^■;^«-^fi-:J-^?l'^Lfc%0*|g'^m^<fe^'r^i:^t.^M^ (OT> ^M^i 

) tLtio :L(D^m^i::ii. 1 OMW^o[} o D N Aib^^ti^'ti S 0 0 , 
0 0 Ocopy//zL0^jg7:#^ tl-C(.^5®-C^ r^ff i LT^ 3, 0 0 0, 

to 2 8 6] 

(8-2) ^)rJ\^^^2*=e^:^V>'if'^mmFCR 
ttria^^^® c DN AjCOt>T, ;*:%fl^0^jfe?fi^7'n-rEu47F*J JiiDf 

^m^fD^^-ffV'^^ 0 0. 0 0 0 copy/20 CM.JZM^i^2 0 ;u 

2 2 •y-^r ;u^THCt>*<?jJL^ -if^t ([^30 #bsj „ ^ jj-. -/u k*. log 

>J >r^fiS9P C RtOSlCS?*® c DN ACDn t'-^fi 2 8 8, 0 0 0 n 
e-Xii>-z>t: m^ 0 Wm^mS.-tiS.t>'^mmmiB O O, O O O ::j 

CO 2 8 73 

^15»J3 7 

(9-1) i-wipizjii^m^ 

BUiSO J; ^ LTP CRSlS*ff •:^3^^> ±tiif^#^* 7 ACMicroconPCR. 

v/ 

MiUipore Corporation^ Bedford^MA, USA) ^r^l ^-CMHi b^o ^if ii^^^yPI^^ 
Hh a 1 (eitW: GCG/C. /'=«<iElf) -CO/N (— Bfe) ^{igUfco 
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5a3g*^T^^ ^BSTttfT>T'<^«5'-^ ^ V A (MicroconJ^i^Micropure-EZxMiLllpore 
Corporation^ BedfordsMA. USA) -^mmi^fio M^m'^^Wl^<7)r^^W<^ c D N A 

[2 8 8] 

757 7A^ti5!;£-MUfcc DNA!^^!gfroc^T, SD^^tt^aS^^f ^ i^--^ 
^-y-- (ABI PRISMTH 310.PE Applied Biosystems) fCTT -R F L P^/f^fT-^ 
^© t'''-i^'N"^'->^(M3 atr^U/sio iS-e-i^^jS)K*<^^ "Cesium 
BODl PY F Lmmtt^m\^'-^^M.LfZo =&h'-i?CD*;u^J5iS:^^^fe/:: 

•r'^ro^;u^t5?^<s. 9. 4 - i 0.' aco$gffl}r)R^ o-cfcOs pcr 

DN ACDH t"-g5c{C*/U;jf^2^^Mf:j-^ ^n-etlCM^^^^CD c DN A® 
:3 tf -!gJ[*^J6 ;t 8 „ ^Sf:: »J ^to 7t =7 If -Sfe/^O^j^iD :3 ^ - {i 
0. 8 9-1. 0 4 (^8#.^) XH^-^f^a -:»T. J:*3^M3^«C*Jf^ 

CO 2 8 9] 
[0 2 9 0] 

1) ^myf-i^^ ^rj0kV¥ 

^SEHJLfco mmt. label 9C;5^L^1 0S®9^fe^igfej*-D sii^?7l»A L^Co 

h^lglSOGEN (^■;;jH>i^->^ B:^) J; (3 Total DNA^^d h r7;l/(C^t^ 
tattlLy::, * EU47FCCITAACACATGCAAGTCC, I=inosine) ^Eul392R 

(TTGTACACACCGCCCGTCA) ^r^-f-y'-tLT. 16sRNAiftf£^^iilIlg^=f ^ ct L t 
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P C RSJic^^fro ^c, ^k?nf^l OUCDieSrRNASisi^ltilil^tl^PicoCreeiif^ 
dsDNA Quantitation Kit (Molecular Probes) (;:T^gL/=?^s ^®^^7K(-T 
300,000 copies/rali:/d:* J; o -tn-e'ti^^L^o ::nt»*r^MM-^u^ feco*. 

i|^cDl6SrRNA2ta^itipg;^i!^3*<'en'e'^30. 000 copies.'JDl®^g/ST•§•^t^T:fo<?^ 
h - ;^';l><Dl6SrRNA]iSfe^it(|'a^#(S^ii300. 000 copies, mltti^o 
to 2 9 11 

±tE.<^AJ:U^m^m^ CieS mk^^m^^y^^i^) ^nrntUX. Texas 
red. DABCYL2a<iSlfii:^7fe^3fc7°7>r v-^ffiONfc^Mfl<]PCR^^T^fc« ^St" 
^-I'^-t LT iiEu47F-inocliCCITAACACATGCAAGTCG, I=ino5lne)sEal392R 
(TTCTACACACCGCCCGTCA)-&fi^ffi L /to Bu47F-raodia.Eu47Fifa^ge^JI* I^I^T^ $ 
5' ^fdi^M^) 9#gCDT;5^Texas red, 9#a^DT;6^DABCYL■(^gsl^5$^aTt^*, 
Texas red*Ji;?>'Dabcyl^f^|fp:5"!*{±. ilWJ7 <tl^«lf fc<, ^SflUPCR^ 
S<hUTl±, ICycler C^^'-r;f^-> K (BIO-RAD) t±|a) ^m^^f^c. ^^(0 
Denatured* B 5X^-^6 O^f^^i^^^ P C R iJ-^' ^ ^l'{iDenature= 9 5°CX6 0 
Ifjf. annealing= 5 0 6 Of!i;, extent ion «= 7 2'C/'7 0 ^(D^Wi^i-^ltf 

Eu47F^ Eul392R#{XdlS*$2S^T' #0. 1 ;:/Mi: U/c, DNA polymerase iiTaKaRa 
TaQTM (a?gj&) ^0.5 Uiiits/20 jul^S^Tl^^ U^o M g ^ ;r Vift^U 2 mMi: 
L^o dNTPJlSi^»JgT#2. 5mMi: ^i: $ J; -5 ^JD AntiTaa 
body (^'a-v-r-;. ^'Id:®!) ^fi&ffl U5S4jt^®t&^#{cIiJ . Hot start*?t-5 
fzo ^fii8af^J5!c®/c860^?p-9->:/';l/t LXf*. E,coli®16s rDNAiSfe^lfillgj^ 

^-^^a^^f^^^cOiS^S^aJi. *65ii|-ft-C300,000 copy/20 A^l (20^1=^S) ^^£5 
«t9l«3SL/ia mMJ^f^ifr-^-'l' ^'^KQdenature^s annealing^ fC—El-^^tf^ 
fZo -^it^^mit. ^itmiftmtmm. annealing^ (/N-f 7' U ^-l- -If- •> a > 
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CO 2 9 2] 

Fn= {( f hyb. n / f den, n )/( f hyb, n'/f den. n')}X100 

f hyb, n= nV Jly tz is S annealing -f 7* 'J ^-T X) ^C0^5t!SJS 

f den, n = ni^'-i' fe<J 5 denature (MHi) fff®^7t5^^ 

f hyb, n'= iti|iIiii^S^CD^3fe^7fe;&^^-S^CD-y'r i'^P (n' t^-f;?^!^) fC^b' 

t^Sannealing (^>'r 7* 'J ^-f X) ^CD:i£3¥:5SjK 

f den, n'- i^m^^m^^^'M^^^tm^L ^mco^-f JV Cn' 

ft -S denature CmM) I^CD-m^^St 
[0 2 9 3] 

Miliipore^ Corporation Bgfprd^, MA, USA) iZX^^^^ Hhal C^i|?STS'01 : GCG 
SD^iEttMH^fro/::^. '>-y>-y-- (ABI PHISMTH 310. PE Applied 

a6/=„ 

to 2 9 4 J 

2) MM 

<:^3fe§§7t7"^ ^ 'J T;U:^ -r A^Sfitjp C Rii!t*> 

Fig. 33, Fig. 34. HiiESm^^t-p Fig.33. {C, ^:^%7fe:^^'f 

1/ >y K (thresh hold) M dog Fn (^:}fe%^) = 1 . 6) fcj^fco 

Clnnitial) » L/::DN AM«t coggjl^^ 
Fig. 34{';^Lfco C J; o Ulf -f Jl'||&i:?)[]J{agSj!ia® 3 t*"|feS[i 
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/I') -C^i $ ii- (Pig. 33#-a^) o Fig. 34 i L -C^ U ife^g^ J: , AXIt-^ 
fSSfe^^^<?5l6S rRNAn f-^fi, *iJ296,000 copies i $ ti/^o ^JJSS^flUS 

CO 2 9 53 

n^'tl^&Lfzif^m^ ±Xff>if-^<D^/um!il.^lt^ 9. 5-10. 6©|gffl|^ 
16S rRNA3t^^^«fCj;6P CRl|^l|!IS&^O^^^ie^6t>n^i:*^ofl 
(Table 9#BS) ^ ^SfiUP C R "C^*!* AilSs rRNAitf5^=^0 h -rJ'^UrJ t°-mc 
t ;'U^SJtip * f;J- ^ -& tl ^'n (Dm^WL^m <^ 1 6s rRNAitlK^® tf - ^1^ 
^f:L (Table 9^M) - ^ fcf-Sg|[/^giSB?^*f]^ t"'-§S:/iO. 9 4 

- 1 . 0 5 (Table mm S C i J: . 3|s:j*® AO^S'^gSt^i^^cDzl'^itG 

CO 2 9 6] 
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m 9 ] Aum^w^^^(Dm^i&B^<D t - r f l p i^mi^ j^^mm^ 

^ r-^^ ^ ^xp ^.<; 
Table9:T-RFLP;i5^:^ (|g:^5^r5>v-^ 





Dsrfio. 


Hhal mn^ 
(bp) 








Paracoccus 
panrorrophus 


65. 


22 


9.50% 


28120 


0.94 


Shingmonas 
natatoria 


3183T. 


43 


10.10% 


29896 


1.00 


Bdellovibrio 
stolpii 


12778 


52 


9.90% 


29304 


0.98 


Microbacteriam 
imperiale 


20530 


104 . 


9.60 96 


28416 


0.95 


Pseudomonas 
fluorescens 


50108 


168. 


9.70 96 


28712 


0.96 


Agromyces 
oiedislanum 


20152. 


332 


10.10 96 


29896 


1.00 


Celluloflionas 
cellulans 


43879. 


404 


9.80 96 


29008 


0.97 


Brevibacterium 
llquefaciens 


20579, 


432 


10,40 96 


30784 


1.03 


Leminarella 
grimontU 


5078 


531 


10.30 96 


30488 


1.02 


Rhodococcus 
luteus 


43673 


626 


10.60 96 


31376 


1.05 



CO 2 9 73 

^^!3t£M#j«^ 7 -f ^ ® D r I. ^-C JSSS^ P C R 

LO 2 9 8] 

1) ^"^-ii^^ 
<7->^\^- h DNA«DlSIS> 
Paracoccus denitrif leans DSM 413® A D N A -feDNeaay^*^ Tissue Kit 
(QIAGEN GmbH tt. Hiiden. Germany) ^ ffl T tfl iii ^ ^ ElOF 
(AGACTTTCATCCTGGCTCAG : L) . E1400R(GGTTACCTTGTTACGACTT) CD 7* 7 
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v--try h^^L^, ii:^®P CRJCTTs I6S rRNAitfK^^±«^lML;to PGR 
itifl^^^^Pico Green dsDNA Quantitation Kit (Molecular Probes Inc. >^^tv 
X^H^'ti^SiLfz^^. 16S rRNAifi^s^^S ng/> l-g^O^?S^I§l£ U 
CO 2 9 9] 

^^^5fern-7'@E5lJlis 5' CTAATCCTTT' (Texas red) GGCGAT-(DABCYL) AAATC 
3' T^O. 5 *:^:!>^«b(0 9#gc^T^Texas red1^^> 5 '^^i^A^ t> 1 5 # 
@«-T^DABCYL^^treL^t>0^ffiffl L/^o ® ilgffii;^^{J||»J 7 tl^^Tfe 

»C «J ^^'ffcS n^wo Forward. Reversed ^ •< v - {Sil^CD PGR -Cftffi L 
<O<!:l^ll;fe<O^M^,^:^(E10F. E1400R) Ct'lSio*.^ ^5fefe^"e^*«ii$nTt>7S(,N 
^^-fv-) o "J T;U5'-1' AP CR^gjiiCycler (^sM ^ 7 -y K) ^-fflC^/r^ 
CO 3 0 0] 

1st denatured 9 5 "C, 120sec.denature<i95'C, 60sec> anneal li 5 SX:, 60sec^ 
extension(i72'C, 70sec®^#T^»5, M g :t >2gJ^(i 2ni«<t t fca dNTP 
it-^^mSt-r:^ 2 . 5niMi^cS J:9i2^*n^^^o Taq:d? y ^--fe'ct UTGene 
Taq CB^i^->^ ^fflt^J^o rv-l"?-}*, il^O P C R:75"i*^ Vr;U:^-1'A 

>>^l^- h^-^i U-Cfflt^^ 0. 6pg 6 ng/ reaction irTi -S «i: i^SD LJto 

h i LTx ±§gg):^;Sfe-cig^Lfe ParacQccus denitrificans DSM 413^ 
3^cD16S rRN Ait<S^-±t1igi^*^^ffl t >^ 0. Bpg-S ng/reaction i * J: ^ Rft^ 

denature^.annealing^fr— (alrJ-^^T-^ |IJfe^J3 8i|^^ 

CO 3 0 n 

2) ilkM 

m.%^^-f ^mmrno ')TJ\yp-( ^^^^ v y^^'i, fz^m^^Fie. 35 
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Fn iM^^^m) =1. 8) (zmTcoiz£^m-v$>'o^^^ ^ ji^mtw^mm 

t§:<iR2=Q. g993-r^>-^/Co ^ifo-C. U d^-;!/ K^il^rML^-•9■ 

CO 3 0 23 
[0 3 0 3] 

1 ) ^mi-m 

BOMPy ?L'T^mfj^^ilfz^(0^mi^fCo {(BODIPY FD-B' ctaatcctttggcgataaatc 

n^m^yo-ytm%^^ffots:m!.m(i5':> catttatccccaaaccattag 

(8'))i:^ 5' 3}S^;0^»5 1 O^g^CA^TCgm^nfc- 

ilS^M^^t^SE^lJCCS' ) GATTTATCGTCAAAGGAnAG C3'))^ffll^fco 7*p-:^!± 
1 0 OnmimLtZc ^J&^-fy \> B N A itMi^i^m 4 0 OnMttL 
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X. iCycler C/^-f^r^v K^) ^ffit^fc* m^fe^ -f ^UrS' -MTfc.^^t^p- 
y(0^1ft^tiHzit^<^ Ky:cOS{*LTl>^ Texas red ffi C^:^^:? ^ - 

[0 3 0 5 3 

2) 

j^H^Fig. 36*!: U'C:5^t"o 1 ig^^M^-^tr jJ' --Ir'-y h <i:0«?lt 

CO 3 0 63 
CO 3 0 7] 

1 ) ^lfe:^3* 

Table lOJ:;^ L^SS?iJ®«3fe^3fe:7"n T'^-filii Lfco C^bti. ^"C t h 

■:fu — zr^^,ti^ the Whitehead InstituteChttp://waldo. wi. irit. edu/cvar_ 
snps/)<^) S N P s C3 I D#-^«:-ecD* t^lj^ -^Jjg^liJSi^To 2 ;!^^-|^ 

t^ ^tifll^J?. tmm-^^i^o (1) 5' 5|S^{i.5'-Amino-Modifier C12 (Glen 
Research4±Si) «■ffl(,^TT i ^ 'J >?57-^-^A U/Co (2) Texas red{^^ ^ 
n -T'SS^jf- i r> -TAmino-Modifler C6 dT:/^ < ^ Amino-Modifier C6 
dC U i^--^^t±Si) hmt^^Ti&mLfta ra-rga^JfectC^Texas redi 
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DabcyiO^n- 7'!^ c^jf^tffj^g (liable IQi^jf^l^tziM^ m^^UWtr^ble 
[0 3 0 8] 







Texas redf^l$liS 




?1AF- 
10544 


5'CCCACCCGAG CATGGAACA 3' 


6 


12 


WIAF- 
13038 


5'CGCTGCTC£C CTCCGG 3' 


5 


11 


WIAF- 
10600 


5'AAGGGCACaT GCACATGGC 3' 


9 


15 


¥1AF- 
10579 


5'CATCGIGGAG ATGCAGCTGA CC 3' 


5 


11 


flAF- 
10578 


5'CCTGCAGCAT CATCTGTTAC CTCAC 3" 


10 


16 
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eg 1 1 ] ^mi'f^^-'ry hmm^m 







mm 


No. 1 IQQ% match 
target 


5 TCTTCCATGC iLtri^trtLu o 




No. 1 1 mismatch 
target 


0 [LliLLAiVfO iLlrijCilA/Sj 0 




No. 2 lOOSS match 
target 






No. 2 1 mismatch 
target 






No. 3 10095 match 
target 






No. 3 1 mismatch 
target 


R ' CrrATCTGCA AGTfrCCCTT 3 ' 




Na4 100* match 
target 


5'GCCTGCCACG AGCCTCTCC 3' 




No, 4 1 raistnatch 
target 


5'GCaGCCACC AGGCTCTCC 3' 




No. 5 1005J match 
target 


5'GTGAGCTAAC AGATGATCCT GCAGG 3' 




No. 5 1 mismatch 
target 


5'GTGAGGTAAC AGTTGATGCT GCAGG 3' 





CO 3 0 91 

^ DNA^ -y 7"0|I3§S[> 

-TXL/it^tt Texas redt*M^;6<?^:)feLT{.>5*^ ^ 'J X L-Cl. ^-5 t # 
CO 3 1 01 

< s NP s «^itii!aij^:^j*> 

(pH:7. 2) fJ&^} ±l2£Drt < iliiSiL/wDNAf^ y y©±JCiD-li- 
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fz„ ig-* 1 0 0 umi^-c^trsmmf^i mismatch 7->r.y hm-^m^^muiz 

CO 3 1 i ] 
[0 3 123 

r^s^^T&^^^nj^o ^fz. i^Mmmti o o%7.y^-r-S7^n-7*i— 

CO 3 1 2] 

n^^yt 7- o - ^iftm^ -f n ^ n l d n a v 7"± js> t ^ x jtis 

[0 3 133 

1 ) ^mi^ 
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( 1 ) ^^^3fc7°P^7' 

m^^^:fO'-yi5Jia^n^m^7'o-y''^. Table l2iZ7jkLf^. Ctl^ 

*-5, 7°D"7'ge?iJ*5^0'Texas rediDabcylO^ p - yi^cDj^«ii^e{±Table 

[0 3 14] 

(2) miJtf^^^iT'D-r 

±:fa-':rtz> 5' ^iffetis S'-Amino-Modifler C12 U -y-^^iM) 

Hodifier C6 dC 'J ■y--f-1d:ii) $-^t^T> T F A T ^ y U V ?^ -^^A 

L/::o '(SglST-$>$TFA^©fe^SSbfc^. Tc y U -^-^O* UTBODIPY FL 
(Molecular pfOb€s)#EiSlf Lfz„ * m^?Q3t :^ a - 3 ' U >m<t 

[0 3 15] 
(3) f^-i-^- 

^i^-^-Kl/v-r-v-iUTS' CTTGGGGGGGCATATCTG 3' A 5Be?lJ^^ V 
>; /<- ;:;r5-f^-iLT5' ACATCCGGCTTTCACTCTCTCT 3' ^rMt-'/c, Z.(DZfv 
^-^-^zv \-i±. t h ®CYP21itf5^®— ^FU (2509bp) *i^i|iM^*^*' prt§T'^ 

Table 12<J: L.T:^tfcm3t?l5fe>^a-yticty':i:itfS3^:7"P-7'c!)^^^^ 
[0 3 16] 
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CO 3 1 73 

®^{C^^•^'7'U 5^-<XL^i:t,^<t ^ Texas red®:^^*<fS:3fe LTt^^-S A<s ^^-f^^'U^ 

;!>>\ /^-<7'U ^^-f XL-Ct^.Si:#{i. ^''•I' 7' U ^^-f X t ^£ t - 1 ^ cfc <3 ^ L < ^ 
CO 3 1 8] 

< 'J T^i/i'-f A*— >^^p cR©:^r^> 

-f?^-^-, ■T>yi^-h, Taq polymerase. dNTP. MgClg^jTi'^ 

[0 3 193 

:gW<Z3Denature{i 9 2 0|5t>W^ft>. P C Ri^-f ^' ;HiDenature= 9 5 

"C/ 6 0 tJ^, annealing= 6 0 "C/ 6 0 Is!?, extention= 7 2 °C/ 12 0 

PrlmeraS^fi. 37 * -7- K, 'J /<- X*fr:S^i^^^-r i& 0 . 5 /zMt L 
tzo "r'^zfly- hit. 1. 5ng/ ^ iCOMi^MSfC^llC b DNApolymerase (t L T 
Gene TaqTM {B^'J- » 5 UnitB/20ia icoaSri^ffi Ufc^ M g >2i 

CO 3 2 03 
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* • 

CO 3 2 1 1 

2) 

^Tfe^^fcy a - y^j J: a^^m^zfn -ri3<9-^v V S2?(J<t ^> ^ 7* ^-Y X L 

n?t ? :^-=?-y ^*^^/j:(r^AX^^^--y y h<i:ffIAF-10600>^n-yiO|?Mffi 
|j(U-Cfef?^ ^H-J^^rix- h <h b-CfSffi Lit t l-'^y Af^^ WIAF- 
10600O^p-m?iJi 1 0 0%:jBMfiUT'*-S C«t*<^$tlfc„ ^3t. i^mft% 
tW I AF - 1 0 5 7 8c0^5t%^7'n-r*5J;O'^:>fe?^:)fc7'n-r<!:Oj^Tllffl 
IIJS^J4 1 ^ X-v .v^^-^iti"AX'^5S:J'-y y h <!rWIAF-10578 

WIAF-10578ffl:^p-':/ge^JirS^U 5 y ^^^ii'd i*<^*n;to 

/wo 

[0 3 2 23 
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Tablel2: mmL^ 




iriAF- 
10600-No. I 



0578-No. 2 



02 jy 



^■^^1 — ■ 

itm-f 5'AACGGCACGT CCACATCGC 3' 



mm 



fflAF- 



5'CCTGCAGCAT CATCTGTTAC 
CTCAC 3' 



5'AACGGCACCT (?CACA7X?GC 3' 



5'CCTGCACCAT CATCTGTTAC 
CTCAC 3' 



Texas redf^Sj}^^ 



I>abcyl 



12 



n 



15 



11 



